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FOREWORD 


This report covers the span of time from the inception of the first 
satellite borne radar system through the final evaluation of the on 
orbit performance of the first flight. An objective review is attempted, 
of the complete scope of activities associated with bringing a new 
system into being and of the system performance during an essentially 
nominal and troublefree mission. 


From this review, it is hoped that the systems management and program 
control parameters which were found to be effective may be properly 
recognized and thereby enhance the organisation and conduct of similar 
future activities. 


The system definition and resulting configuration is reviewed in 
retrospect, together with the problems associated with this Program 
development and testing. 


The engineering management concept and the test philosophy which were 
applied are outlined and restated, with the objectives of first recording 


these, and then attempting to objectively analyse them for areas 
susceptible to improvement. The Air Force ~ IMSC - Associate Contractor 
team is defined, as it existed during the development, testing and 
operation of Vehicle 2355. | 


The system performance from lannch through recovery and thence to 
battery depletion is evaluated from the primary aspect of payload operation. 
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System performance is compared against predictions, and the performance 


accomplishments and achievements are enumerated. 


The report is therefore, in addition to a flight report, a total 

sumary of the composite effort associated with the preparation and 
operation of this system. From the system evaluation certain conclusions 
and recommendations are formilated which are intended to be useful for 


later work on similar systems. 


Through the medium of the detailed information contained in this 
report, it is intended to properly acknowledge the efforts of all 
those who were instrumental in managing and conducting a | program which 
produced a completely successful mission with the first flight of a 
new payload vehicle system. 
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Report Numbering and Organization 


The complete 2355 System Report is contained in three volumes. 
Volume I - (PART I) - Summary 
Volume IIT = (PART II) = Engineering ~ 
Volume ITI - (PART III) - Flight Performance 


The report paragraph numbering is in accordance with the following 
convention: 

First number indicates volume number 

Second number indicates nan paragraph number 

Third number indicates a subparagraph 


Fourth number indicates a further subdivision of a subparagraph 


Figures are numbered consecutively within main paragraphs. 
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Reports By Participating Contractors 


The complete system description and performance evaluation is contained 
in reports issued by the three contractors. These are listed here for 
reference by the reader: 
Lockheed Missiles and Space Company: 
Title: 2355 System Report, dated 31 March 1965. 

Volume r - Summary 

Volume II ~ Engineering 

Volume III - Flight Performance 


Goodyear Aerospace Corporation: 
Title: Program Report, KP-II Orbital Doppler Radar, Thor/ 
Agena Satellite Program, dated 1 March 1965. 


Titles 
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21 Satellite System Engineering 


The subsystems of the satellite vehicle which required engineering 





development, study or program peculiar applications are discussdd in 
this section. Included also are sections on radar antenna development, 
thermodynamics and P thorough review of the work which was directed 

| toward control of high voltage breakdown in a vacuum. A brief discuseion 
of vacuum measurements is included due to the early considerations of the 
possibilities of high voltage breakdowns on orbit and a requirement to 


) measure pressures in the payload vehicle. 


The thermodynamic work which was done on this payload vehicle; accommodat- 
ing the energy dissipated by the payload and during a time period when 
battery temperatures were under critical reviews; yielded a new level of 
quality in on-orbit thermal control. All engineering efforts which are 
reviewed in this section resulted in the complete and correct operation 

of the total satellite vehicle through the prescribed mission, setting an 
enviable standard of secelienks in the first flight of . new payload system. 
This mission was conducted to a duration which exceeded predictions without 


a failure of any type aboard the satellite vehicle. 
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2.1.1 Structural Subsysten 

2.-l.1.e1 Requirements and Design Concepts 

The first definition of the philosophy to be followed in saginewine 

of the spaceframe indicated certain major areas where the design 
approach would be nearly unique for Vehicle 2355. The primary task 
was to install in a space vehicle, equipment normally associated with 
conventional aircraft, and to achieve orbit of this vehicle in such a 
manner that the equipment could operate normally in the acquisition and 
storage of data. Additionally, Subsystem "A" was to provide the 
mounting and ejection mechanisms for the capsule which would eventually 
return the stored data to the ground. 


Ths initial approach envisioned hard-mounting of payload items in 
structure which was to be as light as possible consistent with the 
requirements dictated by predicted ascent loads and heating. ‘This 
resulted in the design and/or installation of seven items tailored to 
the payloads and to the mission: (See Figure 2.1.1.1) 

o Recovery Capsule 

o Conical Payload Rack 

o Cylindrical Payload Rack 

o Ejectable Fairing for the C&C Antenna 

o Guidance Auxiliary Rack 

o Ejectable Fairing for the Radar Antenna 

o Lifeboat Equipment 


-SEERET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE 


Sistrstesttrn —-SEEREF SPECIAL HANDLING — 









LIFEBOAT INSTALLATION 
EJECTABLE FAIRING 








& 


9 
ew 


Figure 2.1.1.1 = Major SS/A Components __ 
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Zeleled Configuration - Basic Concepts | 
Recovery Capsule. This capsule in ite entirety was available as 
GFE. It housed the storage container for the raw data film and served 
as the nose cone during ascent. Since this recovery capsule had been 
used in other applications, its characteristics were known quantities 
requiring only incorporation into the 2355 System. A program peculiar 
installation had beer made to accommodate the film takeup mechanism. 


Conical Payload Rack. This structure was located just aft of the 
recoverable capsule and included mounting provisions for the capsule. 
The structure was a straightforward design comprising seven rings and 
a magnesium skin riveted together in the form of ; truncated cone. 
The space inside this rack was allocated to Payload Box #7. Radiation 
protection for the raw data film feeding from Box #7 to the recover- 
able capsule was provided in the form of a themnal-tape-covered shield 
standing off from the inside of the forward portion of the rack. 

(See Figure 2.1.1.2). 


Cylindrical Payload Rack. The third structure item was designed to 
mount to the forward face of the Guidance Auxiliary Rack, to provide 
mounting for the Conical Payload Rack, and to accommodate Payload 
Boxes 1, 25 3, h, 5, and 6. The structure comprised three rings, 
eight longerons, two torque boxes, — doors 9» and eight access 
holes. 


The floors of the two torque boxes, on which the payload boxes 
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Figure 2.1.1.2-Cone and Thermal Shield 
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mounted, were located longitudinally between two longerons and 
over a third, with a web running from this middle longeron to the 
middle of the floor base. The magnesium skin connecting the three 
longerons completed each torque box. To offer access to the pay= 
load mounting devices, four access holes were located in suitable 


positions in the magnesium slcin. 


The remaining space was enclosed by four doors on sach side of 
the rack providing access to all payloads mounted in the rack. 


| (See Figure 2 .1e1e3) 


Ejectable Fairing for the C&C Antenna. The original design 
concept called for the Type 7 C&C Antenna to be mounted on the | 


surface of the skin covering the Cylindrical Payload Rack. 
Protection for the antenna in this location would have been 
provided by a fairing mounted over it, secured to the outside of 
the vehicle by tension bolts and pinpuller assemblies. At a 
suitable time this fairing would have been ejected, permitting 


proper operation of the antenna. 


The launch configuration of Vehicle 2355 did not carry the 
ejectable fairing. Reasons for this decision are covered in the 
Design Development section of this report. | 


Guidance Auxiliary Rack. The Guidance Auxiliary Rack structure. 
comprised two rings, eight longerons, two floors for mounting 
guidance camponents, a web joining these floors, and a skin in 
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Figure 2.1.1.3 Cylindrical Payload Rack 
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the form of removable doors which permitted access to all equip- 
ment located in the rack. As in the equipment rack, the floors 
joined two longerons located ninety degrees apart with an additional 
web running from the center of the floor to the central longeron. 


The floors axtended from station 27 forward to approximately 
station 231, leaving a three-inch space aft of the ring at 
station 228 for the wave guide installation in the forward portion 


of the rack. (See vane 2.11.) 


Ejectable Fairing for the Radar Antenna. This fairing comprised 
@ 27-inch wide channel, six inches deep, approximately 226 inches 


long. It was mounted longitudinally on the skin of the vehicle 
in the +Y+Z quadrant, and provided aerodynamic and thermodynamic 
protection for the radar antenna during ascent. | 


The ejectable portion of the fairing, 187 inches —_ extending 
from the forward edge of the cylindrical -— aft to station 381, 
was secured to the vehicle by longitudinal forward-facing retainer 
pins (five on each side of the fairing). These pins fitted into 

matching sockets secured to the vehicle, thereby providing radial 
and transverse stability for the fairing. Longitudinal stability 
was provided by a tongue extending forward from the face of the 
ejectable portion of the fairing into the fixed portion where it 
was secured by a pinpuller assembly. 
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Figure 2.1.1.5 Guidance Auxiliary Rack 
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Lifeboat Equipment. This equipment was installed on the aft 
structure of the SS-OlA. Since installation and functioning 

of the equipment had been developed and proven by other programs, 
a nearly identical installation was utilised for the 2355 vehicle. 


2.1.1.3 Equipment Installations -=- Basic Concepts 
Recovery Capsule. As with the Lifeboat equipment, the capsule 
itself, together with its attachment and separation mechanisms, 
had been utilised and proven by other programs. Rather than 
embark on a development program, the already-proven design was 
utilised for 2355. 


Payload Units - Excepting the Recorder. These payload units 
were contained in the cylindrical rack. All equipment was 


secured to the floors of the torque boxes through hard mounting 
points. Traditional hardware (clips, angles, brackets, etc.) 

was utilized to take advantage of the structural stiffness of 

the rack and to carry the predicted loads back through the second- 
ary structure into the primary structure. 


Edin Recorders Tiis unit had to be mounted in the conical rack 
in a manner which would permit feeding of the raw data film 
forward into the storage container housed in the recovery capsule. 
The unit was L-shaped with its base pointing forward. ‘The 
mounting structure employed for the front end of this box was a 
truncated cone with the small diameter facing aft. The large 
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diameter was secured to the conical rack ring at station 152. 


The base of the L-shaped recorder was secured to the mounting 


structure with three uniball bearing assemblies. 


The original concept for the mounting of this unit called for the 
aft end of the payload to be secured by a device which would 
restrain it during ascent. After the vehicle had attained orbit, 
this device was to release the aft end of the box from all 


restraint. 


The design specified four legs extending inboard from the ring at 
station 19), toward the aft end of the payload. These legs 
terminated in a plate directly behind the payload. This plate 

was then secured to the payload with a pin which could be with- 
drawn upon receipt of the proper signal. In. this way the payload 
was to be rigidly supported during launch and ascent, and free of | 
restraint at the aft end during orbital operations. (See Figure 
2.1.1.5e) 


CeO Antenna Fairing Ejection Mechanism. The fairing covering 

the C&C antenna was to be secured to the outer skin of the vehicle 
by two cavaece bolts in pinpuller assemblies, one located at the 
aft end of the fairing, and one located at the forward end. To 
eeoeiis for longitudinal and transverse shear, pins mounted to 
the rack protruded through holes in the fairing. 
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‘Figure 2.1.1.5 Box #7 Installation 
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Motive force for ejection of the fairing was provided by two 

compression spring assemblies between the vehicle skin and the 

fairing. One springwas located approximately ten inches aft of 

the leading edge of the fairing, and the other incorporated the 
| aft pinpuller bolt. 


Upon receipt of the proper signal the pinpullers would have 
retracted and the fairing would have been jettisoned, exposing 
the C&C antenna. 


Vehicle Fairing Ejection Mechanism. Upon receipt of the command 
to eject this fairing, the pinpuller retracted. This permitted 


four compression spring assemblies mounted between the ejectable 
and fixed portions of the fairing to thrust the ejectable portion 
aft. As soon as the retaining pin cleared their sockets a radial 
thrust vector was imparted to the fairing by six ramps (three on 
each side of the fairing) riding on six nésdiecbeariag rollers 
attached to the vehicle, The resultant separation was in a 

+X-Y direction with the fairing remaining essentially parallel 

to the vehicle (See Figure 2.1.1.6) | | 


Zelelel Design Development 

Following the original concepts discussed above, design proceeded in 
a normal mamer. Despite the fact that some of these concepts were 
relatively new, structures and equipment installation engineering was 
neva in relation to state-of-the-art techniques. Problems with 
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Figure 2.1.1.6 Vehicle Fairing Separation 
1-1) 
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components or changes to original design occurred in the following 


© Payload Mounting Vibration Difficulties 

o Corona in the Transmitter/Modulator 

o Wave Guide Heating (Ground Conditioning) 

o Thermodynamic Requirements Changes 

o Film Recorder Mounting 

o Installation of Pressure Transducers — 

o C&C Antema Change--Ejectable Fairing Deletion 


Payload Mounting Vibration Difficulties. In accordance with the 
initial design approach the cylindrical rack was tailored to 

mount the payload boxes and to provide access to them in such a 
manner that the structure would be the lightest possible consistent 
with stress requirements. Upon sampietion: this design was passed 
to Manufacturing for fabrication and a copy of the engineering 
documentation was furnished to Goodyear Aerospace Corporation. 


Goodyear, however, in conducting confidence tests on payload 
components discovered that the hard mountings originally planned 
could result in degradation of payload performance, particularly | 
in light of the stringent vibration requirements called out in 
IMSC Spec 6117, Revision "D". Goodyear, in order to increase 
the confidence level in payload survival, dictated that shock 
mounts be utilised to isolate the critical items from vibration. 

| The vibration isolation mounts were installed on the payloads by 
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Goodyear and these payloads furnished to IMSC for proper mounting 
in the rack | 

The precision tailoring of the original design precluded the use 

of these asente on a simple substitution basis. As a consequence, 
the cylindrical rack went through a redesign which saw a complete 
redistribution of equipment in the rack, and suitable modifications 
made to the secondary structure to provide the required structural 
stiffness. _ 


Subsequent testing of the redesigned rack with the payloads 
restrained in the new shock mounts showed that the required 
confidence level had been attained. 


Corona in the Transmitter/Modulator. Concurrent with the 


vibration difficulties outlined above, an unrelated problem was 
discovered in the transmitter. During testing by Goodyear a 
corona effect was observed inside the unit. Various possibilities 
for correction were considered; and, Goodyear's proposed solution 
of encapsulating the transnitter in a pressure vessel was started . 
as an alternative to potting. This pressure vessel in turn was 

to be mounted in the cylindrical rack. 


The eventual solution to the corona problem proved to lie in the 
potting techniques for components in the tranmitter rather than 
in pressurization of the complete unit. This entailed only 
removal of the pressure vessel in the final installation since the 
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mounting provisions remained the same. 


Wave Guide Heating (Ground Conditioning). A modification to the | 


original design arose in connection with the wave guide installa- 
tion. A Program Office directive was received which required | 
the addition of a device for heating the wave guide during the 


pre-launch phase of operation. 


This requirement was fulfilled by laying heater strips on the 
wave acide. wrapping these strips to the guide with insulation, 
and providing power to the heater strips from the electrical 
umbilical which was discomected at launch. The wave guide 
heating facilitated the outgassing of the wave guide during 


ascent, since the wave guide was warmed at liftoff. 


Thermo c ements Changes. As the design progressed and 
the thermodynamic characteristics of the vehicle could be more 
accurately predicted, changes were initiated to assure the 


correct thermal environment for all components. 


In response to these developing requirements Subsystem man 
revised the mounting of Payload Unit fl (battery) by changing 
the insulating strips which were located between the mounting 
pads and the battery itself. Additionally, a radiation shield 
was installed over the battery; however, as thermodynamic 

| analysis contimed, it was determined that this shield should be 


deleted from Vehicle 2355. 


1-17 
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Film Recorder Mounting. As outlined above, it was planned that 
this unit would be hard-mounted at the forward end and secured 
by a pinpuller to spider-legs at the aft end, the plan being to 
release this pinpuller after orbit injection to permit the aft 
end of the recorder to be unrestricted. Subsequent analysis, 
however, indicated that the firing of the pinpuller with its 
attendant shock was more likely to result in recorder malfunction 
than would the slight torsion effect resulting from expansion of 
the unequal spider-legs. Asa consequence, the final design 
called for hard-mounting both forward and aft ends of the 


recorder. 


Installation of Pressure Transducers. At the direction of the 
Program Office, vacuum measuring instruments were installed in 

the cylindrical and conical racks. A total of five were installed, 
one transducer located on the recorder, one on the transmitter, 
one between the transmitter and the RF-IF, in the high power 

wave guide, one on a structural ring at the -Y axis, and one on 


the same ring at the +Y axis. 


Installation of the transducers was in accordance with current 


state-of-the-art. techniques, and was problem free. — 


C&C Antenna Change--Ejectable Fairing Deletion. The ejectable 
‘fairing to cover the C&C Antenna was designed as outlined above- 


However, difficulties were arising in connection with the pattern 
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of the Type 7 Antenna which had been planned for installation 
on Vehicle 2355. These difficulties were such that a substitution 
of antennas was required. The Type C&C Antenna was selected 


and was installed. 


Since the Type |; Antenna is flush-mounted with the skin of the 


vehicle, the requirement for ejection of a fairing was obviated. 


‘SECRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE ACOi:306 
DECLASSIFIED BY: CNART 


DECLASSIFIED ON: 9 JULY 2012 -SFEREF SPEC | AL HAN DLI N G 


2.1.1.5 Structural Qualification 


General 





The size, weight and mounting provisions of the Goodyear payload 
components required the qualification of the payload vehicle structure 
for this application. In addition, the large structure which housed the 
radar antenna involved qualification of that item inasmuch as it was 
anew design. Table I lists the tests which were performed on SS/A 
hardware to demonstrate qualification for flight on Vehicle 2355. 

All testing was performed by Lockheed Satellite System Test Services 
with the exception of the Guidance Awciliary Rack Vibration Test, Test 
Assignment No. 19-363, which was performed by Polaris Test Services 
(Lockheed Missiles Systems Division). 


Two sets of test hardware were fabricated to accommodate the short test — 
span, and also to provide hardware for testing in the Temperature-~- 
Altitude Simulation Chamber (TASC). Hardware was fabricated to non- 
released sketch type drawings due to the compressed schedule. Sketch 


numbers (SK) are referred to in the detailed test reports. 


The following is a list which correlates SK numbers with the part 
numbers of the flight hardware: 


Released Sketch 
Part | Number Number | 
Struct. Assy., Conical Aux. Rack 1359B64-501 DN 618631-501 


Struct. Assy., Cylindrical Aux. Rack 1359839-501 SK 715631-501 
Struct. Assy., Aux. Rack, Guidance 1359821-501 SK 1001050-501 


SECRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


so 6 arma rm ee 


ACO4306 


SECRET SPECIAL HANDLING 


DECLASSIFIED ON:9 JULY 2012 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CNART 


“PeTTEISUT -— seanqonss 











c5 
<— 
oma 
seveyoed prot -- Supyunour | a \ 
~fed jo sTepow queudtnbe uo — 
ofareusp up tM | speoT oTueudp <x 
| | ‘*yxy SouEpTns qTwET Qo = 
— BRB 9/012 So/a/T Tos=Tzg6cET AREY eamONINS CEST HO-9TQOESY 380% WOTREAQTA : 
POTTeqSUyT anal Z 
quoud Pubs <C < 
Tre jo sTepow ¢)> 5 
oFususp uytM re 8 
“MY Teotxput tA QO 
Assy 7onr45 C/) e) 
- v 
*peTreqsut *eAN{ZonTys o 
tepzocer peo fed But Uno 
eu. Jo Tepou quoudtrbe uo & 
ofusutp & UPTM spect opureutp 9 o 
*MY Teoypuog eyeThuyTs 07 J 
Zz 9/€/2 NO/LT/T  TOS-TORé6SET Assy 7013S O€65  TO-OTZTE9V 409 UOT PEL: FA w 
7 | °.100p = 
aosues uozT1oy Q 
FO 4803 rr 
} uopAezedes = 
*mMY soueptTny *9.N70N.714S ¥ 
TOS-T2géset Assy 401.145 £xeutad uo 5 
“mY Teopmpuy Tso SpeoT jusose 3 
| TOS=6€ 96SET Assy 7ONIZS o7eTUUTS | 
“MY Te owop 04 4804 
ot/t t9/"T/2  TOs-rogéset Assy youre 9f6S 92ZTEOV peolt oF7eI¢ 





-us{ssy 7Se], 


T TRV. 


ee ee ee ee ae See ee a ee 





A001,306 


SEGREF SPECIAL HANDLING 


DECLASSIFIED ON: 9 JULY 2012 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CART - 








*SUPTPCz 
| | | peotfed oy, 
*OTOTUeA uo semsseid 
peyeTauys : | esdeT[0o 
| | B uo abies  —«- 2 asang queCsE 
Uyprpes OVE TUUITS 04 
= 19/11 /2  §9/9/T ~  ~fesy yous LE6S = TO-6I2TE9Y 4809 eunsseuy 
| 9.1N40N.13.9 
ZuTqunow 
queudtTnbe 
Go speOoT 
“peTlequy  - WOTVag Fa 
I9p.1000.2 FR B.1eTOO08 
peopied jo io peutq 
Tepou otueyAp “Od OYE THUTS 
BUXTM "HY | 0% 1% XOg PROT 
| xy [Bofuog ~fed uo 4804 
19/9/8 N9/€/8 TOS-é6€géset sesy young giot E-gznonoy = peoT OTAeIG 
| _ 4 *9.1N7ONI48 
Suyjunow 4uew 
-dtnbe uc spRoT 
WOTzeIg TA 
PeTTeqsutyt /uot 7 e.21eTe008 
seSeyoed prot peutqucs 
~£ed Jo sTepow eyeTauys oF 
ofueutp u4Tsa seseyoed prot 
| °MY Teopmputpsg -fed uo 4904 
Z tt9/L/9 ng /T2 /L  TOS"6€gnSET Assy jon714¢ ZgOT T2SO79V PpeoT OF989S 
H/W 480) *duion ysey *Tog uewpoedg sequMy qzeg  eceMpiey 7So] ASqUMY USM °ON ZsONbeY UTI TpUoD 4s9], 


—y___emonnyg at yesy ysey gor 


(°3U00) I FEVI 


1-22 


-SEGREF SPECIAL HANDLING | 


LOCKHEED MISSILES & SPACE COMPANY 


ACOL,306 


SEEREF SPECIAL HANDLING 


DECLASSIFIED ON: 9 JULY 2012 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CART 


C5 
=< 
ll 
ce 
_— 
<o 
a a 
> 
J 2 
o. 
<< : 
tj 0 
QO. w 
Toe 
i 
el 
TH gy 
= J 
o 
*supITes = 
peotfed jo 
u0T9.B.1edes 7 
07.8.1} Su0WSp iw 
pue 3ut - 
| -qyeoy jUsOSseE U 
“eTOTYeA | OTE TMUITS 0 
pezeTnuyts & uo 04 9904 
peyunow JuTsTeys | uoT7) ez1edes . 
= 19/S/z n9/92/T fesyyonms = «9065. TTLEGV /rewseny 





(°3U09) I TMV 





NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: ChART 


DECLASSIFIED ON: NDI 
mea SEERETSPECIAL HANDLING 


All Test Hardware was strocturally identical to the Flight Hardware. 


Test Descriptions and Results 
Static Load Test on Conical, Cylindrical, and Guidance Racks (Ta 5938). 


The test was divided into four parts as follows: 


PART Is The Cylindrical Payload Rack was subjected to a collapse pressure 
test. This was accomplished by sealing and evaluating the entire rack to 
an ultimate differential pressure of 1.1); PSI. No failure was observed. 


PART II: The Conical Rack, Cylindrical Rack, Guidance Rack, and an 

Agena D Fwd. Rack were assembled in flight configuration as shown in 

Figs 21.1.7 (I). Hydraulic jacks exerted load Pl through P6, Pig. 2.1.1.7 
(I). All loads were applied simltaneously in 20% increments to 100% design 
limit load (DLL), and then in 5% increments to 125% DLL. Load values are 
listed under Test ITA in Fig. 2.1.1.7 (II). No failure was observed. 


PART III: The specimen setup was identical to that in Part II secant the 
specimen was rotated 112.5 degrees counter clockwise (CCW)-=-locking aft-- 
with respect to the bending iaade P1-P3. Losds were applied in the same 
mamer as in Part II. Load values are listed in Figs 2011-7 (II) under 
Test IIB. No failure was observed. After completion of this test, one 


Horizon Sensor Door was successfully jettisoned. 
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135982 12501 
CYLINDRICAL 
PAYLOAD 
COMPARTMENT 
+y' 
STA. 194 
BTL RACK 
$K 1001050 STA. 228 
AGENA °**D’’ 
FORWARD 
SECTION STA. 247 
esyse RING s 
SKEJ102 — : 
+z" 
LOAD ae 
PLATE STA. 299.8 
NOTES: 


1. P,V, Pov, PV, P4V, PcV, AND P,V LOADS ARE IN Y‘ DIRECTION. 
2. P)X, PaX, PX, P4X, PgX, AND PgX LOADS ARE IN AXIAL DIRECTION. 


Figure 2.le1e7(I) - Equipment Mounting 
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STA 
143.89 
353.00 — — — —jnj—@ P, 
DN618631 
renee CONICAL RACK 
$K715631 
CYL RACK 
228.00 ..... ae 
| $K 10001050 
BTL RACK 
247.00 ——— 


287.5 — 


N <-=«Y 





Pp 
A 
~Y P 
7 fe 
22.5" P, 


“TESTS 
WA & HC 


Figure 2.1.1.7(II) - Test Setups 








2 20K LOAD CELL 
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| 2K LOAD CELLS TYP. 
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10K LOAD CELL 


SDelA FORWARD SECTION 


LOADS 


TESTS 1A & HC 
LOAD | 100% DLL] 125% DLL 
B 7370 LB 


: 
re 










TEST lB 


LOAD | 100K FLL | 125% DLL 


5900 LB 7370 LB 
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PART IVs The setup and loads were identical to those in Part II. 
Loads were applied sim taneously at a uniform rate to 125% DLL and 
further in 5% increments with the intention of failing the specimen. 
However, 200% DLL was reached without failure. Since this was the 
maximum capacity of the loading system, testing was discontinued. 
(See Figure 2.1.1.8) | 


Notes: 1. The test conditions for Parts I through IV above were in 


accordance with Reference 1. 


2. <A burst-pressure test on one Horizon Sensor Door was 
scheduled to be performed. However, the test requirement 


was eliminated by redesign of the door mounting. 


3. After completion of testing per Parts I through IV above, 
the Horizon Sensor Door separation test was rerun with 
instrumentation for recording pinpuller shock on the 
Horison Sensor Head. Several attempts were made to reduce 
shock levels with only limited success. A flight item 
Horizon Sensor Head was then mounted in the specimen. 


: ; The door was jettisoned three times with the sensor head 


wm 


operating. There were no adverse effects. 


ro 
‘ 


Vibration Test - Conical and Cylindrical Auxiliary Racks (TA 5930). 


Te Conical and Cylindrical Auxiliary Racks were mated in flight 


or: 


configuration and the entire assembly mounted vertically on a 
vibration table. Dynamic models for all equipment weighing two pounds 
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Figure 2.1.1.8 STATIC LOAD TEST 
1-28 
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or more were installed. All wave guides were installed. Dynamic nodels 


of all payload units were provided by Goodyear Aircraft Corp. 


The entire aera was subjected to vibration levels in three mutually 





perpendicular axes as follows: 
0 Resonant Search - X axis - 2 min./octave sweep 5-150 cps @ 2G. 


o Sinusoidal Qual. Test - X axis - 3 min./octave sweep 


9-16 cps @ 2G 
16022 eps @ iG 
22~30 eps @1.56 
30-0 cps @ .5G 
0-63 cps @ 1G 
63-90 cps @ .5G 
90-100 cps @ 1.56 
100-200 cps @ lG 
200-600 cps @ 66 


. Random Qual. Test ~ X axis = 5 minute duration 


201 G2/eps 20-200 cps | 
003 o?/cps 200~1,00 cps 11.6G RMS — 
-08 G*/eps 00-2000 eps 


© Resonant Search - Z axis ~- 2 min./octave sweep - 5-150 cps +0 
© Sinusoidal Qual. Test ~- Z axis - 3 min./octave sweep 
¢ 6=10 cps @ 1G 
e 10-20 cps @ .5G 


20-70 cps @ 1G 
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a 
@ ° 


70-90 cps @ .5G 
90-100 cps @ 1G 
100-200 cps @ 2G 
200-600 cps @ 5G 


©. Random Qual. Test - Z axis - 5 minute duration 


Levels same as Test 3 above. 


© Resonant Search ~- Y axis = minute/octave sweep 


5-150 cps @ 46 


o  Simusoidal Qual. Test - Z axis - 3 mimute/octave sweep 


6=35 cps @ 1G 

35-50 ops @ .5G 
50-60 cps @ 1G 
60-80 cps @ .5G 
80-100 cps @ 16 


' 4100-200 cps @ 26 


200-600 cps @ 50 


o Random Qual. Test - Z axis ~ 5 minute duration 


Levels same as test 3 above. 


Notes: 1. After completion of vibration testing the pinpuller used 


to restrain the aft end of the recorder was actuated once, 
and shock levels recorded, This pinpuller was not used on 
the flight item and a fixed pin was substituted. No 
failures were observed during vibration or pinpuller 


releasee 
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2. <A total of 36 accelerometers were used to monitor response 
of payload units during vibration. Figures 2.1.1.9 thru 


2.11.12 show some of the accelerometer locations. 


Vibration Test Guidance Auxiliary Rack (TA 19,363) 
The Guidance Auxiliary Rack, with Dynamic Models of all equipment 


weighing two pounds or. more, was subjected to the following vibration | 


levels: 
RESONANCE SEARCH 
Axis Duration Frequency, CPS Amplitude 
X) 1.5 min. 6=1,00 5 g vector 
per octave 
Y) 
Z) 
SINUSOIDAL VIBRATION TEST 
Y 3 mine 6=22 Ll gf: 
ner octave | 
22~35 5 g 
35-60 1 g 
60-70 5B 
- 70100 Ll g 
= 100-200 2 g 
e 200=1,00 5 lg 
(~~ | 
q Z 3 min, 6-27 1 g 
- per octave ¢ 
27-31 eo & 
t 
L. 31-55 1 8 
‘ 
1-31 
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SINUSOIDAL VIBRATION TEST 


Axis Duration Frequency, CPS Amplitude — 
Z 55~65 58 
65-100 1 g 
100-200 2.68 
200-400 | 5 gs 

Xx 3 min. 5-9 o5 in. D.A. 
| per octave any 5 P 
16-22 4, og 
22-5 1.5 ¢ 
15-55 Sg 
55-75 1 6 
75=80 | 5g 
80-100 1.5 & 
100=200 | , ¢ 


200-1,00 5 lg 


RANDOM VIBRATION TEST 


Axis Frequency, CPS Spectral Density, g /cps § Duration 
X, ¥,Z  -- 20-200 01 5 min, per. 
200-400 203 axis 
14400-2000 08 


A total of 2h accelerometers were used to monitor equipment response. 


No failure was observed after completion of vibration testing. 
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Figure 2.1.1.9 ACCELEROMETERS ON RECORDER DYNAMIC MODEL 
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Figure 2.1.1.10 ACCELEROMETERS ON RECORDER DYNAMIC MODEL 
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2.1.1.11 ACCELEROMETERS-TRANSMITTER AND RF-IF DYNAMIC MODELS 
1-35 
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ACCELEROMETERS ON DYNAMIC MODELS 
Figure 2.1.1.12 IN CYLINDRICAL SECTION 
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Static Load Test ~ Payload Packages - Cylindrical Rack (TA 1082) 


The cylindrical auxiliary rack was mounted to the guidance rack and an 
Agena D Forward Rack as shown in Fige 2.1.1.7(I). Dynamic models 6f the 
following equipment were installed: 


Description Part Number Load A ed 
Type 1-D Battery | 14,61793-1 Py | 
High Voltage Power Supply 1W62);0—1 Po 
Transmitter-Hodulator 14642),7=1 | Py 

RF-IF 1h6),2)8~1 P, 
Reference Computer 16);2),9=3 | Pp 
Control Unit 1,6,250=1 | Ps 


Hydraulic jacks were used to avply loads on each of the dynamic models 
(see Figures 2.1.1.7(I), 013, ls). All loads were applied in 10 percent 
increments up to 100 percent design limit load (DDL) and 5 percent was 
maintained after each increment. The test was divided into three parts. 


PART Is The loads shown in Table I were applied to each package indi- 
vidually (two loading conditions per package). 


PART II: The loads shown in Table II were applied simultaneously in the 
-X direction. 


PART Til: The battery was. simultaneously subjected to loads in the «X and 
#Z' directions shown in Figure 2.1.1.7(I). Limit loads were 1800 pounds in 
the -X direction and 1920 pounds in the +Z' direction. Ultimate loads 

2250 pounds in the -X direction and 2),00 pounds in the +Z! direction, 


1~37 
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STATIC LOAD TEST - 


Figure 2.1.1. 14 
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TABLE 1 
—"""“Titinate 

Load Direction aa | LB 
P ~X | | 1920 200 
1 | Yy! 1.80 600 

a: = g 700 875 
2 Y? 500 625 
P a < | 3270 ——- bog 
3 | Yt 1635 202 
Pp | <X | 1104 1382 
L Y! 553 | 692 
P -X 888 1110 
5 Y? Lhd 555 
P x 612 765 
6 y? 306 | 383 


TABLE 2 
Load Direction Limit ‘Ultimate 
aS LT — 
Py x 12)0 1550 | | 
Py Xx 563 705 
Py x 21,20 3230 
P), cS, ne 7 691 | 865 : 
Pe x a 695 
Pg -x 382 | ee: 
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No failures were observed after completion of testing per Part I 
through III. No instrwmentation was used on this test except that 
required to record loads. It was noted that the deflection of the 
transmitter under load was in excess of the predicted deflection. 

A test was performed on two of the HT2-100 vibration isolators used to 
mount the component. Load deflection curves — generated. These 
were compared to curves from an unused isolator. It was concluded 
that the spring constant of the isolators tends to deteriorate under 
continued usage. It was recommended that fresh isolators be used on 
the flight iten. 


Static Load Test ~ Payload Package - Conical Rack (TA 1018) 


The conical and cylindrical auxiliary racks were mated and the entire 
assembly bolted to a load plate (see Figure 2.1.1.15). A dynamic model 
of the recorder was mounted in the conical rack. One hydralic jack was 
attached to this unit and load applied as shown in Figure 2.1.1.16. No 
failures were observed as a result of the two loading conditions, 


Payload Fairing Pressure Test (TA 5937) | 
a The payload fairing and transition (ramp) section were mounted to a 
| similated vehicle (two booster adapters and a nose cone bolted together) 
as shown in Figure 2.11.17. Pressure loads were applied to both sections 
by evacuating or pressurizing the fairing. Pressure bags were also 
used to apply collapsing pressures. The test was divided into four 
parts. 
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Figure 2.1.1.15 
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LOADING CONDITION NO, 2 
LIMIT ULTIMATE 


1185 #. 










Figure 2,.1.1.16 Inertia Loads Box No. 7 
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Part I 
The internal pressure of the entire fairing was reduced to obtain a 
differential pressure of 1.0 psi and 1.25 psi (100 percent and 125 


percent design limit load). 


Although canning of the skin was observed, at approximately 100 percent 
design limit load vetween stations 19) and 252, visual inspection after 
testing showed no indication of damage. 


Part Il 

The ramp fairing (SKWBK 10-7) was pressure tested to 125 percent 

design limit load. The test consisted of reducing the internal pressure | 
of the entire ramp to obtain a differential pressure of 5.6 psi to the 


sides of the ramp and 12.1] psi to the top surface. 


Part III 
The entire fairing as shown in Fig. 2.1.1.18 was simultaneously subjected 
to the following differential pressures. 
(a) The internal pressure of the fairing between stations 179 
and 230 was increased to obtain a differential of 6.0 psi 
(100 percent design limit load) and 7.5 psi (125 percent 
design limit load). | 


(b) The internal pressure of the fairing between stations 230 
and 381 was increased to a differential pressure of 2.0 psi 
(100 percent design limit load) and 2.5 psi (125 percent 
design limit load). 
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Above 112% of design limit load two rib assemblies buckled (see Figure 
201.1218 - 119). After review of the design loads it was concluded 
that the pressure load at 112% actually exceeded the predicted ultinate 
load in the area of the ribs. This condition is due to the fact that 
it is almost impossible to apply the exact predicted load profile with 


a pressure test of this type. 


Part IV 

The fairing (SKFOG 19639-SO1E) was subjected to an axial load of 1275 
1b. (100% design limit) and 1595 lb. (125% design limit) in the aft 
direction. Inspection after testing showed no indication of damage 
to the specimen. 


P. _F ~- Thermal ation Test (TA | | 
The payload fairing and transition section were mounted to a simlated 
vehicle (two booster adapters and a nose cone bolted together) as 
shown in Figure 2.1.1.20. A 70 foot long cable attached to the fairing 
at the center of gravity. The fairing was then subjected to the 
following test sequences 
(a) The fairing was heated with a bank of quarts lamps (aos: 
Figure 2.1.1.21). The power to the lamps was programed to 
simlate the maximum predicted ascent heating pulse. 


(b) The lamp bank was removed. The pin puller holding the 
fairing was actuated and the fairing separated under the 
force of the spring actuators, | 
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Figure 2.1.1. 
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FAIRING THERMAL TEST - HEAT LAMPS 
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Figure 2.1.1.21 
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The sequence of testing was the same as the flizht sequence. Three 
successful test runs were made. Three 200 frame/second 16 MM cameras 
recorded the separation characteristics of the fairing. The film data 
was reduced and the terminal velocity was found to be 27.5 in/sec. in 
the X direction and 22.0 in/sec. in the Y direction. These test results 
indicated that the fairing would not strike the vehicle after separation. 


Ref. 1 - IDC St/h0.L29, to from I, catea 


8 November 1963, "Static Qualification Test Requirements for 
Program PMY venicte 45205-2355". 


Ref. 2 = IDC SSD/227, to NN fron I, dated 
17 Jamary 196k, "Revised Dynamic Test Requirements -_ 
Vehicle 2355". 


Ref. 3 = Structures report SS/825/5522, dated 2) August 196k, 
“Results of Dynamic Qualification Tests Conducted on the 
Vehicle 2355 Forward Auxiliary Rack Structures". 


Ref. = IDC SW 10.520, to EE from I dated 


26 March 1964, "Revision to Static Qualification Test 
Requirements for Program —_ Vehicle 4,5205-23 55". 


Ref. 5 = IDC TSS 313-17, to EE fron BM dated 


23 January 1964, "Temperature inputs to Vehicle 2355 
Separation and Heating Test". 
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Zele2 Electrical Power Subsysten 


2.1.2.1 Subsystem Description 
Sinplified Schematic - A simplified schematic of the 2355 
Electrical Power System is shown in Fig.2.1.2.l. Three type 1-D 
primary batteries are provided as a power source during ascent 
and orbital operation. A fourth battery, Type VI-A, is provided 
for recovery pyrotechnic events and the Lifeboat backup recovery 
system. Two of the Type 1-D batteries are located in the Agena 
vehicle and the third 1-D battery is located in the payload 
section. The payload battery is also utilized as a pyrotechnic 
power source for ascent functions, being diode-isolated from 
the vehicle batteries at that time. In orbit, the three 
batteries are connected in parallel as a single source for 


Agena ad payload operation. 


Telemetry instrumentation of battery parameters includes volt- 
age, current, amper-hours, and temperature. The payload 
battery performance is monitored by Ampere-Hour Meter #2 and 
the C179 stunt. The two vehicle batteries are monitored by 
ise Pi ena the Ch stamts. Assuming noresl cureent division 
between the batteries, AHM #1 will step at a rate twice as fast 
as AHM #2. Total power consumption is the sum of the two 
Ampere-Hour Meters. | | 


Vehicle Power Conversion Equipment consists of a 00-cycle 
three-phase inverter Type XII, and two DC/DC converters, 
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Figure 2.1.2.1 Simplified Schematic 2355 Power System 
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Types IX and X. The Type IX converter is the basic Agena 
regulated power source for guidance components. The Type xX 
converter is utilised for certain Communications and Control 
components and as a telemetry excitation source for all sub- 
systems» 


Payload Power Conversion Equipment consists of a )00-cycle 
three-phase inverter Type XIT, a 2000 cps inverter Type Iv-D, 
a DC/DC converter Type X, and a high voltage power supply. 
These units are located in the payload cylindrical rack and 
provide the total regulated power to payload components. The 
Goodyear payload unite require no wnregulated power. The high 
voltage power supply is provided with an input power shunt 
(C27h, 150 amp) for current monitoring on telemetry. 


Subsystem Operation and Control - Prior to lift-off the Main 


Vehicle Transfer Switch is closed, connecting the vehicle and 
payload batteries to the vehicle and pyro busses, respectively. 
When the transfer ewitch is closed, both Ampere-Hour Meters are 
automatically reset to sero. All Vehicle Power Conversion 
equipment at this point is operating from battery power and 
will operate continuously until the end of the mission. The 
Payload Type X DC/DC Converter is also connected to the vehicle 
bose and operates continuously. Near the end of the ascent 
sequence, the isolation diode between the vehicle and payload 
batteries is bypassed, connecting the three batteries in 
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parallel for orbital operation. 


Qn orbit the Payload Power Conversion equipment is activated 
(with the exception of the Type X DC/DC Converter which is on 
continuously) by closing the Payload Transfer Switch. This is 
effected by an Orbitel Programmer Brush 7 or 8, Payload Warmup. 
Additional switching of regulated power is executed by payload 
relays in the Power Control Unit and the Recorder. The High 
Voltage Power Supply "ON" signal originates in the transmitter 
and is the result of an "Operate ON" command. After receipt 
of this "ON" signal, a nominal S-second delay precedes the 
high voltage output. 


In the event a high voltage overload should occur, a protective 
circuit will turn off the supply output for ‘ nominal 5-second 
interval; then the high voltage will be reapplied to the load 
and, if the overload condition has been removed, normal output 
will be restored. If the overload is sustained, the supply 
will continue to cycle at 5-second intervals until the overload 


is removed. 


At the end of a payload "active period" the Payload Transfer 
Switch is opened, switching off all Payload Power Conversion 
equipment with the exception of the Type X DC/DC Converter. 
“The switch is opened by an Orbitel Programmer Brush ); or 2, 


Payload Warmup Off. 
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Development - Early work on design concept and approach to 
develop a High Voltage Power Supply to meet special Program 
requirements was underway in June 1963. 


In July 1963, technical proposals were evaluated by Engineering 
to select a vendor to design and package the supply in accord~ 
ance with the design specifications and drawings. Proposals 
were received from three Vendors from which Lear-Siegler and 
Engineered Magnetics were selected to submit a working bread- 
board of their design. These breadboards were delivered during 
the month of October 1963 and were tested and evaluated with a 
prototype payload system. Both units showed satisfactory 
results and were acceptable for electrical parameters. In the 
final evaluation, Lear-Siegler Corporation was selected over | 
Engineered Magnetics Corporation to package their design for 
further canpatibility and qualification tests. 


The deciding factor in selecting the Lear-Siegler Corporation 
was the ability to support schedule requirements. One of the 
major differences between the two designs was in the choice of 
output cirouitry. Engineered Magetics' approach was for a 
single output transformer with multiple windings} Lear-Siegler 

used multiple "C* core transformers connected in series on the 
output. 


The first package fron Lear-Siegler was an engineering model 
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delivered in December 1963. After compatibility tests were 
satisfactorily completed, the follow-on units were started. 


The first two of the production units were scheduled for 
qualification testing. 


The power supply (Part Number 1),6),21,0-1) is designed to deliver 
a regulated output of 4400 VDC at 0.160 amps from a 22-29 VDC 
unregulated source. It has the special features of output 
short | circuit protection, input overvoltage protection, output 
current monitoring and limited redundant operation. The 
external dimensions of the power supply are 18" long, 12" wide, 
and 9" high with an overall weight of approximately 58 pounds. _ 


Printed circuit boards and modular construction are used in 
the internal design. All transformers and critical high 
voltage areas are potted in epoxy compound. All exposed 
terminals and connections are conformal coated. The overall 
construction is so arranged that the majority of components 
are readily accessible for easy repair. 


Qualification Testing - Construction for the follow-on units 
began late in December 1963. The first two of seven units 
total were to be used for qualification testing. Qualification 
testing started in February 196. The power supply was sub- 
fected to the qualification tests as outlined in the quali fi- 


cation test procedure. The data in the qualification test 
_ report showed that this unit passed all tests without failure 
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or deviations from the specified performance limits. 


Prior to the completion of this Qualification Test period, the 
second unit which was to be used for additional qualification 
testing was needed for electrical payload test at IMSC. It was 
shipped in March 196. | 


Qualification testing on the second unit was delayed until 
June 196. This delay was caused by a program change which 

_ affected the general construction of the supply. The new or 
changed configuration qualification test power supply was sub- 
jected to the same qualification test levels as the first 
supply. There were no failures or deviations on the new 
configuration. This completed the requirements for environnent- 
al conditioning. | 


Design Changes ~ At the end of February, requirements were 
issued to eliminate all incidence of corona within the power 
supply when the unit was operating from sea level to flight 
altitude. Special tests were run on the design approaches for 


the corona elimination. 


The first approach was to use a metallic covering which was 
painted on the corona emitting surface. Several compounds 
were used in this test. One was a graphite type of material 
and the other was a metallic epoxy. Both types proved to be 
unsuccessful. The graphite material sublimed under altitude 
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pressure covering all surfaces. The epoxy paint flaked and 
chipped when leads were moved or dressed for soldering leaving 


voids on the surface. 


The second approach was to can individual output transformers 
and rectifier assemblies ond completely encapsulate with epoxy 
compound. This proved to be successful. The final redesign 
effort included canning of individual output transformers, 
rectifier assemblies and output AC filtering components. 
Shielding of leads and potting of all high potential leads and 
terminations was accomplished at this time. The electrical 
design was not pisnged during the above modifications. However, 
a changes were nade during the manufacturing of the follow- 
on units. | 


These changes were necessary due to subsequent failures which 
will be mentioned in the individual case history discussion. 


Test Programs - Each power supply received acceptance testing 
at the Vendor's. These normal tests consist of electrical 
performance, low level vibration and a programmed 68-cycle 
altitude test. 


Due to a series of failures of high voltage breakdows during 
checkout procedures, it was necessary to conduct a series of 
special altitude tests at IMSC. The purpose of these tests 
was first to determine the cause of failure and secondly to 
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obtain a level of confidence before flight. These tests were 
performed on supply number three and repeated on supply number 


five and six. 


Each unit was subjected to 68 duty cycles at a pressure of 100 
micronse The supply was operated under two load conditions, 
full load and half load for a period of ten minutes ON and 
‘twenty minutes OFF for each duty cycle. 


The results of these tests caused a change in potting compound 
around all high voltage terminations. (Refer to individual 
case histories for Units #3 and #5 for detail test results.) 
These tests proved the reliability of the unit under adverse 


conditions. 


A special qualification test was performed on the High Voltage 
Capacitor used in the output of the converter. This capacitor 
was classified as a critical iten due to a failure early in the 
test period. In August 196), four high voltage capacitors of 
two configurations were subjected to vibration shock, tempera- 
ture, altitude, overvoltage and stress tests. The level of 
magnitude was in accordance with 6117B, an LMSC qualification 
test document and the Design Specification of the Power Supply. 


All capacitors successfully survived all tests except for one 
unit which was damaged during low temperature tests. The type 
of failure was a decrease in capacitance and an increase in 
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leakage current, 


‘Individual Case History - Additional changes were made during 
manufacturing of the follow-on units. These changes were 
necessary due to subsequent failures on different units. The 
units will be classified in two configurations, Configuration 
"B" and Configuration "C". These concur with the latest 
design specification change. | 

Unit #1 Serial #11593 = Configuration "5B" 

1. Number one qualification test unit. 

2. Sustained all environmental qualification | 
Levels. 

3e Shipped to IMSC on 1 April 196h. 

h, Failed Capacitor Cll during payload 
testing (preliminary run). 

5. Returned to Vendor for repair, 10 April 194). 

6. Replaced Capacitor with an improved design. 

7. Returned unit to LMSC. 


~ 


8. To be used as a test model. 


ott 


Unit #1 is the old design. Transformers and high potential 
leads are not potted. Altitude testing lower than 10 microns 


eta 


is not recommended. 
‘Unit #2 Serial #111632 - Configuration "B" 
1. Shipped on 9 March 196h. 
2. Tested with payload end verified operation 


oa | 
: t 


b 


was successful, 
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3. Failed a regulator module. 
l. Used for follow-on testing with restricted 
input. 

The unit operated successfully with the payload and subsequently 
failed. One regulator module failed power transistors and the 
associated high voltage rectifier block. The failed section 
was disabled and the unit put back in service with restricted 
input voltage levels. Possible cause of failure was due to 
parasitic oscillations due to improper wiring. No repair is 
scheduled for this unit. 

Unit #3 Serial #113965 - Configuration "Cc" 

1. Formal vendor ATP includes altitude tested 
for 68 cycles at 10 microns. 

2. Unit shipped in June of 196k. 

3. Altitude tested with payload LMSC. 

lL. High voltage breakdown : cua area. 

S. Unit returned for repair. 

6, Altitude tested at Vendor - 68 cycles, 10 
microns. 

7. Returned to IMSC. | 

8. Altitude tested at IMSC - 68 cycles at 
100 microns. 

9. Total number of test cycles = 20h. 

‘Unit #3 was the first unit manufactured to the "C" revision, 
which required elimination of all corona. During 
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altitude load testing at IMSC, the unit developed intermittent 
high voltage dropouts. 


Arrangements were made to altitude test the unit with externally 
connected dynamic load. During the first hour of testing the 
unit demonstrated the same failing conditions. Investigation 
showed that the failure was due to an insulation breakdown 
around the insulator on the high voltage output panacitat. The 
failure was attributed to insufficient bonding of potting 
material. Corrective action was to: 
1. Abrade the insulator on the high voltage 
capacitor for better insulation adhesion. 
2. Change the type of potting material from 
epocast to scotch case, the latter having 
a longer pot life. | 
3. Encase all high voltage connecting wires 
_ and terminations. | 
Unit #4 Serial #114626 - Configuration "C" 
1. Unit shipped on 2) July 1964. 
Unit #h was used as the second wiaitelcstion test unit. The 
unit passed all environmental levels of testing without failure. 
It will be used for ground and altitude load testing. Unit Ay 
contains all modifications. | | 
Unit #5 Serial #11)538 - Configuration "C* 
1. Formal vendor ATP includes altitude testing 
at 10 microns for 68 cycles. 
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Unit shipped 15 July 196). 

Altitude tested at IMSC at 100 microns. 
Potting failure at 11 cycles during above 
test. 

Returned to vendor and repaired. (The 
potting compound in the high voltage chennel 
was changed to scotch cast.) 
Altitude tested at vendor's plant, 10 
microns for 68 cycles. 

Unit returned to LMSC. | 

Retested unit at altitude 100 microns for 
68 cycles. | 
Completed system and compatibility test. 
Intermittent line capacitor C-l, de input 
line. 

Unit returned to vendor for repair. 

Unit altitude tested at vendor's plant, 
10 microns for 68 cycles. | 
Unit returned to LMSC. 


This unit has been tested for a total of 215 cycles. During 


the cycling period high voltage was ON for a 10-minute period 


each cycle. 


Unit #5 has had two repairs: | 
1. During the first altitude test performed at IMSC at 
100 micron level, the epocast material in the high 
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voltage channel punctured. It was repaired by 
repotting with scotch cast. 
2e The second repair was to replace an intermittent 
capacitor C-1, At normal input voltage the power 
supply operated satisfactorily, but when input resis- 
tance measurements were made, the results did not agree 
with the previous measurements. Investigation showed 
thet one capacitor was low in resistance. In addition, 
a sener diode CR115 was replaced with one of higher 
wattage capacity. Units, numbers 6 and 1, have the 
above change. | 
Unit #6 Serial #115326 - Configuration "Cc" 
1, Unit shipped on 18 September 196). 
26 Unit altitude tested at vendor, 10 microns 
for 68 cycles. 
3- Unit altitude tested at IMSC 100 microns 
- for 68 cycles. 
lh. Replaced CR115. 
5. Used on 2355 flight successfully. 
Unit #7 Serial #115326 ~- Configuration *c" 
1. ATP at vendor - altitude tested at 10 
microns for 68 cycles, 
2. Unit shipped to IMSC on 22 October 196k. 
3. Replaced CR115. 
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2ele2.3 Battery Testing and Development 
Battery History - The early configuration of the 2355 Power 


System required the development of a high current battery to 
supply the payload. This battery, located in the payload 
section, in conjunction with two 1l-D Batteries located in the 
vehicle were to provide the total mission requirements. Two 
significant events during the development phase affected this 
early configuration. The first item was a reduction of power 
required by the payload. This factor opened discussion of 
alternate configurations and most significantly, the possibility 
of using existing batteries to supply payload requirements. — 


Initial Battery Testing - A series of battery surge tests was 
initiated in early June 1963 to determine voltage, current and 
temperature characteriestic of 1-A and 1-D batteries. The 
results of these tests are summarized below: 


Five primary Silver-Zinc batteries, 2 Type 1-D and 3 Type 1-A, 
containing Eagle-Picher Type 2598 cells were discharged at 
rates up to 100 amperes over a temperature range of 30° to 
125°F, Voltage and activated stand characteristics limit 
effective operation to the 45° to 100°F range. | 


These primary batteries were tested to obtain data on their 
surge capability at various temperatures. The 1-D units had 
been in dry storage for approximately one year and the l-A 
units for approximately three years prior to activation, The 
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batteries which were tested and the corresponding ambient 


temperatures are as follows: 


Battery Type Serial Number = Temperature 
1D 3 30 © 
a 298 Ls 
ou 291 70 
A 297 100 
rT) 


ral 125 


Each battery was discharged according to the following 
sequences with minor deviations as dictated by test conditions: 


25 amperes for 15 minutes 
1/2 ampere for 75 mimtes 
SO amperes for 15 minutes 
1/2 ampere for 75 minutes 
75 amperes for 15 minutes 
1/2 ampere for 75 minutes 


100 amperes for 15 minutes 


The sequence was repeated four times per battery during the 
day. The overnight discharge rate was 1/2 ampere. 


The temperature was monitored by nine thermocouples located 
externally on the battery case, and internally between cells 


and on a connector strap, Battery voltage was recorded con- 
tinuously and cell voltages were recorded at regular intervals 
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during each discharge. 


The five batteries were actieuted ; allowed to stabilize at the 
preset temperature and discharged according to the sequence 
outlined above. Minimum voltages and maximum temperature rises 
obtained during discharge at various rates and ambient tempera- 
tures during these tests provided the data shown in Fige 2ele22 


The teste showed that batteries containing Eagle-Picher's Type 
2598 cell are capable of repeatedly delivering 15 minute dis- 
charge of up to 100 amperes. ‘Temperature range was 5° to 
125°F. At higher temperatures cells could develop internal 
shorting, and at lower temperatures the weltape under load 
could drop below 20 volte. ot 


It was recommended that flight operation be limited to 70° to 
100°F, to minimize possibility of shorting cells ani to assure 


operation above 22.0 volts. 


This series of Battery Tests resulted in a decision to use 
three 1-D type primary batteries to supply the payload require- 


ments. 


Anechoic Test (2356) - Vehicle 2356 was operated in the 
Anechoic Chamber for a full mission life. Three new 1-D 
batteries were installed in flight position to power the 


system. Operation of the vehicle up to approximately Pass 7 
was normal, with balanced current from the three batteries. 
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Figure 2.1.2.2 Current Loading Curve "ID" Type Primary Battery 
1n69 
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Beginning with Pass 7 and continuing until Pass 71, the 
current became unbalanced with the forward battery carrying 
approximately 10 to SOf of the load. The shift in load is 
attributed to a shorted cell in a battery at Pass 1,7. Analysis 
of the batteries after the test revealed one battery had a — 
shorted cell with approximately 100 eap-hours capacity remain- 
ing. The other two batteries were depleted. The reason for 
the short has never been proven conclusively, however, excess 
electrolyte accumulating on cell separators is the most 
probable cause. This test showed the effect of operating 
payload with batteries in the peroxide region, in that the 
first operate command lowered the bus to 22.7 volts while 


subsequent operates were above 23.5 volts. 


Cell Evaluation at Elevated Temperature - Additional 1-D 
battery parameters were established in tests which were con- 


cluded in December 196. Purpose of these tests was to 
determine the terminal voltage of the Type 1-D battery cells 
as a function of discharge current, temperature, and A/H 
capacity expended. Three Type l-D battery cells were series- 
connected and maintained at 60°F » 80°F, and 100°F respectively. : 
The cells were subjected, cyclically, to current drains of 1, 
2, and 8 amperes for a period of 15 minutes at each current 
level. 


The significant conclusions and development in this series of 
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tests were the following: 

o The peroxide plateau will last longer at higher 
temperatures o 

o Curves were generated to predict battery voltage at 
various temperatures and degree of discharge. (See 
Fig. 201.2e3¢ 

re) Internal impedance of l1-D batteries varies inversely 
with temperature. | 


Pre-flight Battery Conditioning - Special procedures were used 


during the activation, selection, and conditioning of the 
batteries used for the 2355 Flight. During activation, teste 
were made to limit cell voltage variance and to verify electro- 


lyte absorption e 


Three flight batteries were selected after studying the 
characteristics of the eight batteries activated for 2355. 


To eliminate the possibility of low voltage during the first 
operate SavioA: SO amp~hours were removed from each battery 
during activation. This was done to bring the batteries dom 
to the monoxide plateau where effects of battery temperature | 
differences would have less effect on terminal voltage under 


Loade 


During the R-3 day RF teste and the countdown, the flight 
batteries were used to supply power to the vehicle. The 
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Figure 2.1.2.3 ID Battery Cell Test 
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batteries were maintained at approximately 70°F to prevent 

low voltage on the unregulated bus during the payload opera- 
‘en. Special air conditioning requirements were specified 
during countdown to keep batteries above 60°F at time of launch. 


Pele2eols Design Change History | | 
The design changes listed below represent significant additions or modifica- 


tions to the Electrical Power System originated subsequent to initial engin- 
eering drawing release. A summary of each change is included, as appropriate. | 


Relocation of Type VI Battery to BIL Section - The Lifeboat 
battery was moved to the BIL section at the request of Orbit 


Thermodynamics. The reason for the move was to improve the 
thermo reliability of the battery and substantially reduce the 


Thermodynamics and Engineering effort. 


Forward Pyro J-Box Modification (Created -503) - This modifi- 


cation moved the recovery pyrotechnic events from the pyro 
(payload) battery to the Lifeboat battery. This change would 
enable a Lifeboat recovery even if the vehicle batteries 
became depleted. 


Forward Pyro J-Box Modification (Created -505) - This change 


removed parallel relay contacts used for the capeule "Arn" 


event to avoid a possible failure mode if one relay failed to 
actuate. 
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Re-routing of Power Wiring to Reduce Magnetic Moment ~- This 


change involved twisting the primary power wiring to reduce 
the magnetic moment produced during high-current periods: of 


operation. 


Addition of Pyro Shield Grounds - This change provided local 
grounding for pyro shields in the Cylindrical and Conical 
Racks, reducing the possibility of losing a shield ground 
through one of the electrical interfaces between the Forward 
Pyro J-Box and squib functions located in the payload areas. 


Addition of C-283 and 0-28) Peak-Reading T/M Monitors - The 
C-283 and C-28) peak-reading monitors are identical unite 
which accept a O=-5 volt telemetry signal as an input and, for 
an unvarying input, produce a proportional output in the 0-5 
volt range. If the input signal to the module contains a posi- 
tive transient, a condition which would be undetectable on a 
normal cemmutated telemetry system, the peak-reading circuit 
will respond to the peak value of input voltage and decay 
slowly so that it may be easily detected via telemetry. The 
time constant of the decay is approximately 3 seconds (63% 
point). 


1-7h 
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- Examples of input disturbances vs. output are shown below! 





Note that the monitors respond only to positive transients, 


The input to the C-283 peak-reading monitor is the output 
current monitor from the High Voltage Power Supply, C=-275. 
Therefore, it is possible to determine the peak value of 
current surges drawn fram the supply by evaluating C-283 on 
telemetry. 


Similarly, the input to the C-28l, monitor is the high voltage 
monitor, F=1). In the event the High Voltage Power Supply 
should fail to supply continuous output, and cycle at the 
normal 5=-second intervals, it is possible to determine the 
voltage level at which the overload is occurring. 


Payload Heater Addition - This change added heaters, wiring, 
temperature monitors for pre-launch temperature conditioning 


of payload equipment. 
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Addition of 3 Compensating Capacitors - The addition of 


capacitors to the hOO-cycle 3~phase inverter output was re- 
quired to decrease the waveform distortion to a satisfactory 
level during operation of the uncompensated payload drive 
motorse Values of capacity were chosen for a resultant power 
factor of nearly unity. | 


C a Capacitor Modification and Addition of 
Isolation Diode - In the course of altitude testing of the 
payload section in the TASC Chamber, a recurrence of the wave- 
form distortion occurred. Investigation revealed that the RFI 
filters wired in series with each phase of the supply, located 

4 payload power supply and recorder were leaking dielectric 
fluid. The filters, essentially a C-L-C arrangement, were 
apparently changing in capacitance with altitude. Al) 100- 
cycle RFI filters were subsequently removed from these units, 
which necessitated a realignment of the compensation required 

because of the removal of the capacitance in the filters, 


The addition of a diode was required to isolate the payload 
and vehicle unregulated busses. In the event the payload buss 
should seek a level higher than the vehicle buss, excessive 
current would flow through a diode in the Type XII 3f Inverter. 
resulting in failure of the diode. This failure occurred in 
two inverters prior to incorporation of an additional diode in 
the vehicle wiring, eliminating the problen, 


1=76 
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Converter Pr Revision ~ To increase the 
reliability of the Type X DC/DC Converter, a revision was ine 
corporated to hardwire the converter on at ell times. Formerly 
it was switched on and off as required for payload operation 
or telemetry excitation. 
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2ele3 Attitude Control Subsystem 
2ele3el Attitude Control Requirements - Orbital 


Establishment of Attitude Control. Requirements - Early in 1963, a number 


of discussions were held to consider the establishment of orbital attitude 
control requirements, Representatives of the [El snd 
Goodyear Aircraft Corporation, presented order~of-magnitude estimates of 
the requirements necessary for successful payload operation. Lockheed 
representatives presented estimates of the Agena S-O1A capabilities in 
several configurations. ‘The standard Agena, the standard Agena with minor 
modifications, and a basic Agena type system with major modifications (e.g. 
new horison sensor and/or inertial reference package) were considered. 





After due consideration of requirements, capabilities and costs it was 
mitaally agreed by J Goodyear, the Air Force and Lockheed that the 
basic Agena system had sufficient capability to permit accomplishment of 

the mission objectives. Minor modifications of the standard system would 
be permitted to allow the system to be "pushed" to its maximm capability. 
It should be noted that at this tine the magnitude of the problen of harisen 
sensor susceptibility to cold clouds was not know. . 


The Attitude Control Requirements ~ As a result of. considerable malysis 
and enalog computer studies the vehicle capabilities (and hence, require- | 
ments) were established. These are presented in tabular form, | 
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Payload Operating: 


Control Axis Pitch Roll Yow 
Item Units Note 

Null Position degrees 1 ) O +/o 2ohh 

Bias Uncertainty degrees 2 0k 0k 00k 

limit Cycle degrees 3 0025 0025 40025 

Body Rate deg/sec , 40.002 40.005 +0.003 


NOTE 1: Velicle body axes with respect to orbit reference axes. 
(See Figures 2e1.3.1 and Zelede2) The positive yaw 
bias is for North to South passes and the negative 
for South to North passes. The tolerance om the yaw 
bias is +108, | 


NOTE 2: Maximm value ~ These figures do not include my allowance 
for horison sensar noise, 


NOTE 3: Maxtmm value. 

NOTE h: Maximum average value. 
Payload Inoperative: 
No requirement other than compatibility with the system capabilities md 
other attitude control requirements. 


Payload Duty Cycle and Mission Lifetime « One of the basic ground rules 


stated by the Customer was that the payload be operated only uithin the 
ZI (Continental United States) and within sight (+5° elevation) of aither 
the Vandenberg ar New Hampshire Tracking Stations. ‘The mission life was 
to be four days maximum. For the selected orbit this meant there would 
be nominally four active (payload operate) passes each day (two each at 
VTS and NBS) or a totel of sixteen passes. The payload operate tines 
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és 3 


‘ 


would vary from 1.25 minutes to 3.52 minutes with m average value of 2.16 

2el.302 Program Peculiar Design Features | 
Payload Antenna Mounting and Vehicle Orientation - Structural interface 
considerations and the payload system requirements resulted in the payload 
antenna being mounted on the right side of the vehicle with the mtenna 
boresight axis depressed 55° from the +Y axis. For this configuration a 
tail first orientation on orbit was desirable so that on the North to South 
west coast passes (16, 32, 48, etc.) the antema ground swath would be 
overland, Additionally, the capsule recovery requires the Agena to be 
oriented tail first prior to pitch dam. In order to minimise the tim 
required for the complete recovery sequence and obtain the added ground 
coverage it was decided to yaw the vehicle around immediately after injec- 
tion and fly tail first. 


Horison Sensor Relocation ~ The payload antenna structure obscured the 
optical field of view of the right side horizon sensor head in its normal 
location on the guidance module in the Agena forward rack. It should be 
noted that due to the physical sise of the payload antema and the geometry 
of the horison sensor field of view interference wuld have occurred for 
any reasonable antenna mounting. After due consideration Structural 
Engineering decided to relocate the horison sensor system in the program 


peculiar Auxiliary Guidance (BTL) Rack. 


Improved Telemetry Resolution - The stendard Agena Vehicle provides certain 
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telemetry outputs as tabluated below. The resolution obtainable with these 
scale factors was not suitable for perfarmance evaluation in view of the 
narrow deadbands. The addition of an auxiliary signal conditioning package 
(Secondary Guidance Junction Bax) allowed for improvessnts as tabulated, 





Telemetry Output Standard 2355 Program 
7 Iten Peculiars 
o 
Horizon Sensor - Pitch & Roll os 4 


Gyros = Pitch, Roll & Yaw so “a 
20” 


Gyro Torquers =~ Pitch | ftin 0 to +6°/Min 
~ Roll Vone 40.5" /Min 
~ Yay None +0" (Min 
Yew S Monitor Nel. 3 Levels 


This package was available from a deactivated vehicle and required only 
minor modifications to satisfy the required needs. 


Yaw Bias - This mission required a yaw attitude bias of plus or minus 2h’. 
‘This is achieved by applying a torquing signal of proper polarity to the 
roll gyro in the Inertial Reference Packags. Because of the Inertial 
Reference Package gains, a very low level signal was required to produce 
the desired yaw offset. This voltage level was 17 millivolts. In order 

to optimise the signal to noise ratio the attenuator was physically | 
located near the Inertial Reference Package. There was no discernable noise 


on the signal during flight. 


Deadbends = Orbital attitude control requireasents dictated that the orbit 
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deadbands not exceed +0.25 degree, The standard Agena orbit deadbands are 
optional with the lower limit generally quoted as +0.25 degree. The actual 
lower limit is determined by the inherent threshold of the D.C. splifier 
in the Flight Controls Electronics Package. ‘This lower limit is nominally 
#001 degree but is subject to a maximm tolerance of about +50%. The 
tolerance is composed of two parts, an uncertainty of about +20%:in the 
deadband magnitude plus a temperature dependent null shift of about +30%. 
A nominal deadband of 0.15 + 0.07 degrees was specified. The values 
measured in Vehicle Systems Test fell within the range of 0.1); to 0.19 
degrees. The specific values are listed in Section 2.1.3.4. The standard 
Agena does provide for a coarse md fine (wide and narrow deadbend) deadband 
selection on orbit. This feature is intended to permit the saving of control 
gas during the coarse mode wiile making available the tighter control of the 
fire mode when required. The actual control gas usage for a particular 
vehicle is dependent upon the mission life, the deadbands required and the 
fine to coarse duty cycle. For the particular case of vehicle 2355 the 
"planned mission life was relatively short, the duty cycle high and the 
amount of control gas used in either case low compared to the amount loaded. 
For these reasons the decision was made to we a fixed deadband. 


forquing Gains ~ The control system analysis indicated the necessity of 
changing the horison sensor torquing gains from the standard Agena settings. 
The easel for this are discussed in Section 2.1.3.6. ‘The standard gains 
are contrasted with the specified nominals below. The unite are degrees per 


mimute per degree. 
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Standard 2355 

Coarse rane 

Pitch 1.00/1.00 | 1.67 
Rel 033/1.00 | 0.33 
Yaw 0.67/8.00 Le 67 


These gain changes were accomplished with a potentiometer adjustmmt in the 
- Quidance Junction Box. 


Magnetic Compensation - Experience with other vehicles alerted IMSC to the 
necessity for carefully surveying ail vehicles for sources of magnetic fields, 
The reason for this is that any magnetic fMleld within the vehicle will 
react with the earth's magnetic field and result in a torque on the vehicle. 
A survey of the FIV 2355 configuration revealed three xurces af magnetic 
fields which were sufficiently large to be of concern. Two of these 
sources were the permanent magnets in the BIL cannister and the payload 
Tranaaitter-Modulator. These sources required the installation of compensa- 
ting magnets. The third source was a current loop (electro-magnet) in the 
forward rack wiring. The third source was eliminated by reconfiguring the 
wiring. An analysis of this situation is contained in Section 221.3066 


Unbalanced Payload Manentum - Unbalanced momenta due to moving masses 


within the vehicle can result in significant vehicle motion. A survey of 
FIV 2355 revealed a potential problem due to the film motion. Subsequent 
analysis (see Section 2.1.3.6) indicated that corrective action was not 


required, 
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Horizon Sensor Noise-Horison Sensce Disconnect ~ The problem of harison 
sensor noise is quite complex and is covered in some detail in Section 
201e306- For the purpose of this present discussion it is sufficient to 
note that at the inception of this Program LMSC was aware of the problem 

and the possible resulting degradation of ths payload data. As a result of 
analysing the situation it was decided to disconnect the horison sensor 
outputs to the Inertial Reference Package aging the payload operate periods. 
The discomect occurred in conjunction with the payload ON command and the 
reconnect in conjunction with the payload OFF command. 


2ele3e3 The Stendard Agena Orbital Attitude Control System 

This section is intenied to provide a very brief functional description of 
the standard Agena orbital. attitude control systen (oacs) for the reader 
unfamiliar with the system. The program peculiar revisions and additions 
incorporated in FIV 2355 did not fundamentally alter the systen operation. 


Axes Systems, Polarities and Vehicle Orientation - In order to minimise 


explanation of axes rotation and polarities at various points in the text 
to follow the conventions to be used will be explained. The vehicle body 

eas fixed with respect to the vehicle and form an orthogonal right- 
handed system as depicted in Figure 2.1.3.1. Positive roll, pitch end yaw 
vehicle motion are defined with respect to these axes, This rotation is 
consistent with the telemetry output polarities of the three-body axis 
gyros and the two-horizon sensor outputs. Specifically, a positive vehicle 
displacement yields a positive telemetry output. 
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A set of orthogonal local orbit reference axes are depicted in Figure 
2ele3eze The vehicle flew tail first on orbit with the +Z body axis 
nominally pointing toward the earth. The plane formed by the +X and +Y 
body axes was nostinally coinel dent with the plane formed by the local . 
flight Mvestion and the orbital momentum vector. The vehicle was yawed 
(about the Z aris) either plus or minus 2.1); degrees at all times. The 
reason for this is explained in Section 2.1.3.6. 


Brief System Description - The standard Agena orbital attitude control 
system (QACS) consists of four maja components. They are a horizon sensor, 
an inertial reference package (IRP), an electronics package and a pneumatic 
system. See Figure 2.1.3.3. The OACS provides active three-axis control. 


The horison sensar system consists of two heads and an electronics package. 
Basically, each head contains a drive motor, a prian which is rotated at 
30 revolutions per second and an infrared sensitive bolometer. The prisn 
directs the field of view 378° away from the optical axis of the head. The 
rotation of the priam causes the field of view to describe a cone in space. 
The heads are. mounted and aliged such that the field of view scang both 
space ‘and earth on each revolution. The general configuration is depicted 
in Figure 2sle3e.e ‘The IR sensitive bolometers are alternately subjected 
to radiation from the cold space and the warm earth and ultimately provide 
square wave outputs which are processed to provide pitch and roll attitude 
information. The attitude determination can be functionally understood with 
the aid of Figure 2.1.3.5. The earth index (EI) pulse is generated each 
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time the scan crosses the vehicle Y-Z plane. The EI is used to divide the 
energy in each square wave output into two parts as sham. The four 
eactiin can then be compared to yield signals proportional to the vehicle 
attitude. Referring to Figure 2.1.3.5 it cam be sean that 

Pitch Error Ox 4(B-A) + $(D-C), and 

Roll Error C< (C#D) - (A+B). 
It is also apparent that vehicle yaw motion does not affect the sensor. 
Yaw motion would rotate the scan patterns about the center of the search 
circle. 
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FIGURE 2.1.3.3. VEHICLE BODY AXES 


ORBITAL MOMENTUM VECTOR 
LOCAL FLIGHT DIRECTION 





TOWARD EARTH 


FIGURE 2.1.32 LOCAL ORBIT REFERENCE AXES 
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INSTANTANEOUS 
FIELD OF VIEW 
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Zero Pitch Error,Zero Roll Error 
A=BeCaP 





Positive Pitch Error,Zero Roll Error 
BA,D C,A +B C+D 





Zero Pitch Error, Positive Rell Error 
_ A=-B,C=)D,C+D AB. 


FIGURE 2.1.3.5 HORIZON SENSOR SIGNAL GENERATION 
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The inertial reference package (IRP) contains three rate integrating 

gyros. The three gyros are aligned with their input axes along the roll 
(X), pitch (Y) and yaw (Z) body axes of the vehicle. This type of gyro is 
then sensitive to the inertial vehicle body rate (degrees per second) input 
and yields the integral of rate or attitude (degrees) as m output. The 
pitch and yaw gyros are HIG (Hermetic Integrating Gyros) gyros and the roll 
gyro is a MIG (Miniature Integrating Gyro) gyro. Functionally, the three 
gyros are identical and differ only by their undesired random drifts. The 
HIG gyros are rated at 6 degrees per hour random drift and the MIG at 1 
degree per hour. Each gyro is also provided with an input torquer so that 
electrical signals for attitude reference correction and vehicle steering 
may be accomodated. - 


, The flight controls electronics package takes the three gyro output signals, 
processes them and generates signals toactuate the pmeumatic valves. 
Initially the attitude aignals are fed to a rate circuit which yields an 
output error signal which is proportional to attitude plus the derivative 
of attitude (or rate). The rate component in the error signal provides 
systen damping. The error signals are then fed to pulse width frequency 
modulation (Maré) circuits which in turn provide signals for actuating the 
pneumatio valves. The errar signal mixing in the roll-yaw chamel will be 
explained in a subsequent paragraph. The operation of the PWFM circuits 
may be understood with the aid of Figure 2.1.3.6, When the error sigal 
value falls within the deadband there is no output from the PWFM cirouit. 
When the error signal just exceeds the deadband the PUFM circuit supplies 
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FIGURE 261.306 PULSE WIDTH-FREQUENCY MODULATION CIRCUITRY CHARACTERISTICS 
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narrow pulses (approximately 23 milliseconds wide) to the valve at a low 
repetition rate (one pulse every tw seconds). As the error signal increases 
the pulse width increases and the repetion rate varies as show. The 

error signal has a maximm effective value which corresponds to the valve 
being full ON contimoously (saturation). The Modulation Factor is simply 
the product of Pulse Width and Repetition Rate. The Modulation Facter is 
proportional to the average valve thrust for any given errar signal and 

tims the system is quite closely equivalent to a porportional system even 
though the valves operate as ON-OFF valves. While this is true for larp 
disturbances (large error signals) it is not necessarily the case on orbit. — 
In a low torque-low rate limit cycle design the error signal will not exceed 
the deadband by more thm a few hundredths of a degree. In this situation 
the system appears as one with a constant pulse width and linear repetition 
rate. 


The signal mixing in the roll<-yaw channel is part of a system concept inten-~ 
ded to reduce attitude control ges consumption and reduce the amount of 
pneumatic system hardware required. Consider the satellite confi gur ation 
depicted in Figure 2.1.3.7. In this configuration the valves are positioned 
on the vehicle such that the reaction torque from any valve is solely 
about the control axis of interest, i.e.; there is no coupling. This 
confi guration is not practical due to the structural design problems in 
locating the roll valves on the vehicle midbody. Secondly, the vehicle 
center of gravity shifts during the design phase and during the actual 
flight operation as well. Placement of the roll valves on the aft rack 
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FIGURE 2.1.3.8 UNCOUPLED CONTROL TORQUE OONPIGURATION-AFT RACK MOUNTING 
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would require two additional valves if coupling is to be avoided, This © 
configuration is depicted in Figure 2.1.3.8 In this configuration it is 
immediately apparent that the two yaw valves (7 and 8) can be eliminated 
if the parallel (1 and 6 or 3 and )) roll valves cam be actuated by the yaw 
error signal when required. This can be done and results in the standard 
Agena configuration where valves 1, 3, ), and 6 are designated as roll-yav 
valves. Direct actuation of the valves by the roll and yaw error signals 
independently could result in the unnecessary expenditure of control gas. 
This is illustrated hy the following table: 


Attitude Errae Valve(s) Net Value Value(s) 
Actuated Action Wasted 
+Roll 3&6 3&6 0 
-Roll 1&4  1eh 0 
+Yaw 3eh 3&éh ) 
Yar 1& 6 1& 6 0 
‘Roll & +Yaw 3, by & 6 3 —cdh eb 
4+Roll & -Yaw 1, 3, & 6 6 L& 3 
-Roll & +Yaw 1, 3,.&h h 1 & 3 
‘Roll & <Yaw 1, 4, & 6 1  & 6 


Simply stated the conclusion drawn from this table is that if both valves 
of an oppoaing pair are actuated simi taneously the net result is sero. 
This problem is vaedluded:in, the standard Agena by the signal mixing in the 

| roll-yaw channel. Though this possible saving of gas may not be realised 
on any particular flight, the hardware simplification is significant. 


The pneumatic system consists ¢ two gas storage bottles, a two-stage gas 
pressure regulator, two-valve clusters of three valves each and the associa-~- 
ted plumbing. The components are connected as sham: | 
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| Valves 
| } 
— 2 
—.,= 3 
cH 4 
aS & 5 
(kK 6 


The storage spheres have a volum of 2200 cubic inches each and may be 
pressurised to 3600 pai. ‘The regulator high pressure stage is used during 
ascent and provides a regulated output of 20 psi. The low pressure stage 
is used on orbit and provides a regulated output of 5 pai. The valves are 
of the ON-OFF type and are individually controlled by solenoids. The 
solenoids are energised as required by the outputs from the FFM 
circuitry. 
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2ele3e System Parameters 

The following tables provide a listing of significant values. The 
measured values were obtained during Task III of the Vehicle Systems Test 
on 27 August 196). The nominal values are from the Detail Specification . 
"Guidance and Control Subsystem, Model 15205, Serial 2355" IMSC 1165)hA. 
Ascent Deadbands and Saturation Levels 





Nominal Measured 
Channel Valve D.Bo .. Sate Dobe ~=)SCté<~CSSSCS:*s 
_...  Dege Deg. Deg. Deg. 
Roll 3  0e25=1.00 11.65 0.620 12.50 
6 to 0.709 13-20 
1 16.80 00760 13.25 
4 0.760 —— :13.25 
Yaw 3 0007-0232 307 0.192 3-82 
6 to 0.215 3283 
1 4.92 0.215 : 3.98 
h 0.222 3296 
Pitch 2 0208 003, 1.78 0.20) 220k 
5 2.64 0.202 2.10 





Ascent Roll T g Gain 


Nominal Measured 
Deg/Min/Deg -Deg/Min/Deg 
+9.0 + 14 +905 

1-97 
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BIL Steering Rates 
The nominal value in each case was 120 deg/min + 5%. 
Channel Measured Value 
De , 8 8 
: #120 
— -121.5 
| +119 .8 
#1198 
Programmed Vehicle Rates | 
Name Nominal | Measure d 
Deg/Ming (Deg fMine 
Engine Burn Pitch Rate 9.24 + % 9018 
Yaw Around 4320 + 10% «Ws 
Orbital Pitch Rate hoO3 + 10% 3097 
Pitch Down-Recovery 43.0 + 5% 42.2 
Yaw Bias Roll Rate + 0.172 + 5 % 0.177 
= 0.172 + Ly 4 Ool77 


a anemone 
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Orbit Deadbands and Saturation Levels 











Nominal Measured 
Charmel Valve DeBe Sat. DeB. Sat. 
deze deg. dege dege 
Roll 3 0.08 3055 0.155 3-81 
6 to to 0.185 4.08 
1 0.022 Lek —— -0619h 4.05 
0.187 4.09 
Yaw 3 0,08 3e 55 | 00137 3290 
6 to to 0.188 4.07 
L 0.22 Lo9k 0.188 4.10 
| lh, 0.179 4.08 
| Pitch 20 0.08 1.82 0.170 2210 
5 to to 0.159 2.10 
0.22 2.57 
Irbit Torquing Gains 
Torquing Gain Symbol Nominal Measured 
_—— Deg/Min/Dege —Deg/Win/Deg. 
Pitch Hy +1.,67 * 0.25 +1.31 
Roll H. 40033 40.05 40.319 
Yaw | Hy 1.57 = 0.25 -1.885 
Horison Sensor = Qyro Decoupling Gains 
Gyro OuteGyro In Symbol = Nominal Measured 
Pitch to Pitch Hee 1 + 0.30% 1.10 
Roll to Roll Heo O + 0.03% | 0 
Roll to Yaw Egy | O + 0.07% 0 


Deg. Ayxo/Deg. H/S 
#Deg/Min/Dege 
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2.1.3.5 Operational Sequence 

The significant operational events as related to the attitude control 
system are listed sequentially from mine burnout on. The actual times 
are taken from IMSC/B110236, "Plight Test Engineering Analysis Report(U)" 





(Secret) « 

Actual Time 

from Liftoff 

(Seconds ) Event 

432.75 Engines Burnout (70% Thrust—Decaying) 

1,39 027 Horizon Sensor Pitch Output connected to Pitch 
Gyro. Horison Sensor Roll Output transferred 
to Low Gain. 

—Wh7239 Yaw around initiated (-)3°/min.). Engine Burn 
Pitch Rate removed. 


698.28 Yaw around teminated. Orbital Pitch Rate init- 
iated. Gyro Compassing initiated. | 
Pitoh Gyro Decoupling initiated. 
Hovison sensor Pitch output transferred to Low 
Flight Controls to Orbit Mode. | 
Pneumatic Regulator to Low Pressure Yaw Offset 
initiated. 

At the completion of the foregoing sequence, the vehicle control system 
was in the orbital mode and the yaw bias far the first active payload pass 
(Pass 8 at NHS) was initiated. From this time on the significant events 
were the switching of the yaw bias and the disconnecting of the Horizon 
Sensor during the Payload Operate period. The yaw bias switching for the 
passes prior to recovery are show in the following table. 
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Pass _ Station Direction Bias Initiated 
8 NHS S -N Shortly After Injection 
9 VTS S-N 
Wy NES N-Ss Shortly After Pass 9 
16 VIS y-S 
2h, NHS S-N Shortly After Pass 16 
ro vis” 8 <5 
30 NES N-S§S Shortly After Pass 25 





The yaw bias switching after recovery was accomplished in the same manner. 


In conjumetion with the Payload Operate ON command, the following operations 
took place: 
©) Horison Semsor Pitch Output to Pitch Gyro was disconnected. 
©) Horison Sensor Roll Output to Roll Gyro was disconnected. 
0) Gyro-compassing (Horizon Sensor Roll Output to Yaw Gyro) was 
discomected. 
©) Pitch Gyro Decoupling was disconnected. 


In conjunction with the Payload Operate OFF command these four signals 
were reconnected. 


2010306 Orbital Attitude Control System Analysis | | 
Basic Mission Outline - This mission shall utilise an SS-OlA vehicle with 
attached payload and a TAT-Thor booster. Shortly after injection the 
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vehicle will be yawed 150° end will fly tail first and horisontel throughout 
its useful life. Steady state yaw attitude offsets will be required when 
the payload is operating. Reorientation for the separation af @ recoverable 
capsule is required. The Agena pneumatic system will be the Primary system 
for attitude control. A secondary, independent back-up stabilisation 
System will be available for recovery control. 


Attitude Control Requirenents-Payload Operating 


Control Null Bias Limit Body* 
Axis Position Uncertainty Cycle Rate 
Pitch 0° | + 04° + 0.25° + 0.002°/sec 
Roll 0° + 0.49 + 0.25° + 0.005°/sec 
Yaw + 2ehh + 10% + Oh + 0.25° + 0,003°/sec 


+ maximum values 


Attitude Control, Requirements-Payload Inoperative - No requirement other 


than compatibility with the system capabilities and other attitude control 
requLrenents, 


Design Approach and Constraints - The basic SS-O1A control system will be 


utilised to fulfill the mission requirements. Minor modifications of the 

standard system will be pamitted but not encouraged. The synthesis, 
analysis and development of advanced attitude control systen components and 
concepts is beyond the scope of this mission, 
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Gyro Torquing Gains - The steady state attitude bias uncertainties may be obtained 
using the following relations. Pitch, roll and yaw are denoted by the symbols 6, ¢ 
and ¥ respectively. 


oO 
! 


= ~ Shee - 04/H, mG Wp) /He 
ss ~ ~ fy! (444) hse ~ ¥,/ (4 Hy) 


‘as ~ [H, 4H ) hse — FH, (4, Hy) [ta] a 4/0 


where | 
¥,, = Steady state attitude bias 


858° Pgs? 
Ose? Prse = horizon sensor bias errors 


H,; H,. H, = gyro torquing gains 
Oy da? +4 = gyro drifts 
average orbital rate 


Yo 


Ww 


= programmed orbital rate 


The bias uncertainties are calculated from the given expressions by taking the root- 
sum-square of the individual terms (RSS method). Thus, if A = B+ C then | 


AL. = (BA + C2)? The values used for the various parameters were: 
w= 4. 03°/min = 0.0703 rad/min 
Wop =w, 4 4.36% 
Ons ai 0.37 
bnoe = 0: 34° 
0, = 6°/nr = 0.1°/min 


‘4 = 6°/hr = 0.1°/min 


$4 = 1°/br = 0.0167°/min 


1-10); 
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Using the + 0. 4° bias uncertainty allowed and the values of the parameters as stated 
the given relations yield the following bounds on the gyro torquer gains. 


+H, 21.36 deg/min/dag 
Hy 7 0.27 deg/min/deg 
Hy 2 (4.54H 5 W),) deg/min/deg 


The gyro compassing time constant is approximately equal to 2/H,. In order to 
maintain a reasonably low time constant H, must be large. The effect of any noise 


the gains should be kept as low as possible. A reasonable compromise between these 
conflicting requirements is: | 


H, = 1.867 deg/min/deg 


Hy = 0.333 deg/min/deg 


Hy = 1.667 deg/min/deg 


The standard tolerance on these gains is + 10%. 


‘The roll torquing gain of 1/3 deg/min/deg results in a gyro compassing time con- 
stant of 6 minutes. This is high but tolerable if sufficient time is allowed when 
switching the torquing signal to the roll gyro to obtain a yaw offset. The bias un- 
certainties which result from the chosen torquing gains are: 


7 O 
Og = 0-39 
bag = 0-33° 
¥ = 0,37° 


| Error Signal Deadbands - The required deadbands can be achieved although 
a rather high tolerance is indicated. This is discussed in Section 1.4.3.2- 
"Program Peculiar Design Considerations", | 
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Limit Cycle Rates ~ For an uncoupled, ania | nee axis system the ‘net 
change of rate during a turn-around is: oe 
A G/ = (nNFW)57.3R/I deg/sec 

Wheres | | 

n = number of pulses per valve 

N = maximum number of valves which may pulse. 

F = valve thrust in pounds 

W = pulse width in seconds 

R = valve lever arm in fect 

I = vehicle inertia in ft<lb-sec* | 
The product nNFW iacvesente the total impulse (Ib-sec) imparted to the 
vehicle during the turn-around and the quantity 57.3R/I cepesuuite the 
change in vehicle rate per impulse imparted (deg/sec/ (Ib-sec)), In the 
absence of disturbing torques the vehicle will demp dam to a low rate one 
pulse _— valve limit cycle. For a balanced limit cycle the rate will be | 
equal to one half the rate sneies per turn-sroum, In the pitch channel 
only one valve may pulse in response to a error signal whereas in roll 
and yaw two valves may respond, Du to the electronic coupling of roll md_ 
yaw and imbalances between the two roll-yaw channels it is quite likely, 
but not certain, that only one valve will respond. The two valve responses 
will be used as a "worst" case, 


A determination of the impulse obtained per pulse per valve is rather . 
complicated. The low pressure mode regulation level is specified as 5, 
+1.0 to -1.5 pei. However, this figure is for full flow through the 
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regulator. The regulator exhibits a lock-up phenomena which results in a 
higher output pressure under zero or extremely low flow conditions. The 
specification value for the low pressure mode lock-up pressure is 6.0 psig. 
In a low rate limit cycle a pulse is required every 50 to 100 seconds a@ 80, 
This condition should prevail for the vehicle in question. Thus, the | 
actual regulator output pressure will be the lock-up pressure : Data derived 
from Laboratory tests (1) indicates that under these conditions the impulse 
per pulse for a <5 mixture will be about 0.011 Ib-sec. 


(1) "Investigation of Specific Impulse Attainable in an Attitude Control 
System Using Freon-1l = Nitrogen Mixtures", Report Number 1621) » Reference 
61-29l4—1101, 12 September 1962, Lockheed California Co., Mechanical Systems 
Research Dept. 


Based on the current (September 1963) vehicle parameters, the rates for a 
single pulse per valve limit cycle are as follows: 
=} N(FW)57.3R/I deg/sec. 


y FW S7e3R/I Rate 
Valves lb-sec/value deg/sec/(lb-sec) deg/sec 


Pitch 1 0.011 0.124 0.0007 
Roll 2 0,011 0418 «0-006 


Yow 2 0,011 0.12) 0,001) 


The pitch and yaw rates are well below the required levels. The roll rate 
is 92% of the specific maximum, The only reasonable change which would 
increase the roll rate margin would be to modify the regulator to lower the 
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output pressures, While it might be physically simple for the vendor to do 
this the attendant effort would be costly. All things considered it does 
not appear that any design changes are warranted. 


Yaw Steering - Steady state yaw offsets of plus and minus 2. 44° + 5% will be required 
when the payload is operating. Positive offsets (nose right) are required on south- 
bound passes and negative offsets on northbound passes. Yaw offsets can be developed 
by torquing the roll gyro with a signal equivalent to the product of the orbital rate and 
the offset desired. The roll gyro torquing signal then is: 


_ _ | Oo _ O 
5c = W Vos = 0.0703 (rad/min) x 2.44 = 0.1718 /min 


The application of these signals will be effected by a brush on the orbital programmer. 
The gyro compassing time constant is six minutes and the steering program should be 
initiated three to four time constants before the steady state offset is desired. In 
order to maintain the desired vehicle orientation the net vehicle body rate must be 
equal to and coincident with the orbital angular velocity W | The following figure 
illustrates the situation with an exaggerated offset. 
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yaw offset = 2.44° = 0.0426 rad (steady state) 
= orbital angular rate = 0. 0673°/sec 

wi = W. sin ¥, = roll body rate required 

we = W, cos ¥, = pitch body rate required 
| w= actual pitch body rate (= w, for zero yaw) 


o* 
it 


& 
! 


For the small offset being used the required body rate can be expressed as: 
1_ 
We = Yel, 
Ae - 42 
wy = w, A - 42/2) 
The change in the pitch body rate is: 


Ww 
: 1 oO | 
wo) =W -W = = 0. 000061] sec 
A y o ~My - deg/se 





This represents a change at 0.091%. As the tolerance on the torque program is 4.36% 
it is not worthwhile to change the programmed rate. The pitch attitude error required 
to offset the torque program error is: 


Aw Oo | 
Le=— y _ 0. 00366 /min — 9 0922° 
@ 1.67°/min/” 


This added error is negligible compared with RSS bias errors of + 0.39 degrees. If 
the horizon sensor is disconnected after the yaw offset is established a pitch attitude 


error will accumulate. 


A@ = 0.00366 (°/min) x t 


For a maximum run of three minutes the accumulated error will be 0. 011°. Com- 
pared to the bias error and limit cycle excursions, this added error is negligible. 
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Horizon Sensor Anomalies-Nature of the Problems - Flight test data from a 
number of vehicles which carried the Model 2.-A Horizon Sensor hag shown 
anomalous sensor output signals. This "noise" is attributed to "cold clouds" 
and may take a number of forms, lLong-termed steps, short-term pulses and 
sinusoidal noise has been observed. The magnitude » form, frequency, 
frequency of occurrence and duration of this noise varies Lrom flight 

to flight, The data from a recent flight showed sinusoidal noise of 

+1/l, degree amplitude ami a period of 100 seconds. Some of the factors 
which seem to influence the sensor susceptibility to this phenomena are 
the time of year, individual sensor head temperature, sensor slicing level 
end the geographical location of the scan pattern. Department 62-21, 
Guidance and Controls Fquipment Engineering, has performed some analysis 
of flight data and has stated that anomalous outputs in excess of V2 
degree will not exist more thin 1% of the time. Unfortunately, this 

bound is too high with respect to the attitude sonteol requirements for 
this mission. Modifications have and may ‘be made to the sensor to reduce 
the problem, Additionally, analytical effort is being expended in an 
attempt to develop a method of determining true vehicle attitude; 1.¢.; 
separate the noise from the signal. However, due to the "poor" quality of 
the telemetered data (poor with respect to the accuracy of the desired 
results) and the lack of any compelling requirement to solve the problem, 
any optimism regarding the results of the effort would be premature, 


Recommended Action ~- Because of the uncertainty of the magnitude of the | 
horizon sensor noise problem and the general acceptability of operating | 
with the sensor disconnected for short periods of time it was recommended 
that the sensor be disconnected during the payload operate period. ‘This 


mode was mechanized as explained in Section 2.1.3.2. 
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Effects of Horizon Sensor Anomalies - For anomalous pitch and roll sensor outputs 
of the form 6, = gin 0 and >, = sin w+ the resulting gyro outputs will be: 


Hy 8, sin W nt 4 Hyon sin). Hye, sin wt 
E 


g" s+H, ° +H rE 


_ For the chosen torquing gains and the range of known noise frequencies the effect of 
the pitch and roll gyro feedback terms is negligible. Thus 


@® 











: ee ee re | 
s+ He ay and 63+ Hy 8 
The gyro outputs and rates then become: | 
H,8., | . 
6. i w, cos W, , 0. = Hye, sin Wt 
H.¢ 
n e 
P — COB W, , 2 H¢, sin Wat 
H.o . | 
t, | — cosw, , Hyon sin Wnt 
n 


For a noise signal of 0. B° peak amplitude and period T (sec) the peak gyro attitudes 


and rates are: 
0, = 0,0022 T deg ’ 6. = 0.0189 deg/sec 
r $, = 0.0004 T deg : $, = 0.0028 deg/seo 
70.0022 Tdeg =, = (0,0189 deg/sec 
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For a step change in the sensor output of 6, and ¢.: 


-~H -H 
= 6t _ et 
8, = @, (1 - e ) 8, = H,6, € 
-~H -H 
by (1 e- . $, oes © | 


For a 0.5° step: 


0, = 0.5 ( ery a deg , 6, = 0.0139 oV/36 aes/sec 
o, = 0,5 ( - oY 180) deg , $, = 0.0028 et/ 189 deg/sec | 
4, = 2.5 ( ne 180) deg , 4, = 0.0139 oe t/180 4 /sec 


These calculated values do not represent the net closed loop system response but are 
indicative of the possible magnitudes which may occur. 


. Effects of Disconnec the Horizon Sensor - The horizon sensor provides vehicle 
pitch and roll attitude signals with respect to the desired control reference; i.e. , 
the earth. The IRP gyros cannot be used alone as an attitude reference source. Even 
if the gyros could be initially oriented along the desired control axes, they would 
accumulate errors due to gyro drift torques and programming errors. In the normal 
system configuration the vehicle will respond to the accumulated gyro errors and 
eventually reach a steady state equilibrium position such that the horizon sensor 
provides gyro torquing signals to balance out the drifts and program errors. This 
steady state equilibrium position plus the sensor accuracy result in what is generally 
referred to as the bias uncertainty. If the horizon sensor is disconnected the vehicle 
null position will then drift at a rate determined by the gyro drifts and programming 
errors. 


‘SECRET. SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE ~ | : 
DECLASSIFIED BY: CART ACOW306 


DECLASSIFIED ON: 9 JULY 2012 opener SPEC! AL HANDLING 


Pitch Axis: 


The pitch axis reference null will drift due to pitch gyro drift and orbital rate pro- 
gramming errors. 
@ = Oy + (HW - 4) +/- w, (1 - cos ¥,) 
where 
6, = pitch gyro drift = 6°/hr = 0.1°/min = 0, 00167°/s 
Do a. (L + 0. 0436) 


op 


Ww = average orbital rate 1 4.03°/min = 0.0672°/s 


¥, = desired yaw bias = + or - 2.44° = + 0.0426 rad 


0. 999092 


cos , 


The term cos V, represents the amount by which the pitch body rate should be re- 
duced when the vehicle is yawed off the zero null position. For the yaw bias being | 
used the magnitude of the term is negligible compared to the other terms. 


Q 


0. 001667 + (0. 0672) (+0. 0436) + (0. 0672)(0. 000908) 


0.001667 + 0.00293 + 0.000061 


Evaluating the drift as the RSS of the augend and addends yields: 
9 = +0. 00337 deg/sec 


Roll Axis: 


The roll axis reference null will drift due to roll gyro drift and orbital rate program- 
ming errors. When the vehicle is yawed off from the zero null position a roll body 
rate program equivalent to ws v is required. The tolerance on the roll program 
will be assumed to be the same as that for the pitch program (4.36%). 


> = $4 + w, sin ¥, (£0. 0436) 
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where | 
, = roll gyro drift = 1°/hr = 0, 01667°/m = 0.000277°/sec 
0 = orbital rate = 4.03°/min = 0. 0672°/sec 
¥, = desired yaw bias + or - 2. 44° 
sin ¥, = 0.04258 


$ = 0.000277 + (0, 0672) (0. 04258)(0. 0436) 
= 0.000277 + 0.00125 
The RSS is 


> = + 0.00128 deg/sec 
Yaw Axis: 
The yaw axis reference null will drift due to yaw gyro arift only. 
‘= 3 = + 6°/hr = 0,1°/min = + 0, 001667" /sec 


In the presence of anomalous horizon sensor outputs the initial attitude may exceed 
the bias uncertainty. Thus, disconnecting the sensor will not improve the attitude 
accuracy, but will eliminate the associated high vehicle body rates. 


Unbalanced Momentum - Each time the payload was activated film was 
driven fran the payload Recorder Unit (Box #7) supply cassette to 
the take-up spool in the recovery capsule. The complete data track 
is functionally depicted below. Each time the spools are accelerated to 
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steady state speed a torque is developed which results in a change in 
vehicle body rate. 





Conical Recorder Unit 


Section 





Film Cassette 





Each of the smaller rollers (including the metering and transport drum) 
can be viewed as one half of a counter rotating pair. The net unbalance 
resulting from these pairs is negligible. This leaves the supply spool, 
take-up spool and the film. The net unbalanced momentum then is 

h= I, W, + Its Wy + Ty Wy + Ipy W, 


Where ; 
I, = inertia of supply spool 
Ip, = inertia of film on supply spool 
I, = inertia of take-up spool 
Ip, = inertia of film on take-up spool 
W, = angular velocity of supply spool 
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To obtain the resulting vehicle body rates this net momentum must be 
‘resolved into body axis components, The Recorde: Unit is mounted as 
shown below and the components of the unbalanced momentum are as show. 


ae 


a  F 
a 


hy 


bh, = h sin 22,6° = 0,383 h 
h, = h cos 22.5° = 0.925 h 


The corresponding body rates at turn on may be computed wing the following 


relations, 


“pitch = + hy/Iy and Wyay © -hs/T, 
The pitch and yaw inertia are almost equal and are equal to we ft-Ib-sec. 


before recovery and 1;718 ft~-Ib-sec* after recovery. Using am average 
unbalanced momentum of 0,075 ft~-lb-sec the body rates are: 


Before Recovery: pitch = 0.00025°/sec, Wyay = -0.00061°/sec. 


After Recovery: Witch ad 0,00035°/sec, Wyaw - ~0,0008),°/sec, 


L=117 
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Though these rates are significant compared with the pitch and yaw 
requirenents of 0,002°/sec and 0.003°/sec it was decided that cor-ective 
action was not warranted. The normal vehicle body rates will have a 
random distribution and thus the probability of the rates being additive 
is 50%, It should be noted that if the supply and take-up spools had been 
made counter rotating these rates would be about 1/5 of the given values. 


Magnetic Compensation - Any magnetic field contained within the vehicle 
will in general interact with the earth's magnetic field and produce 

a torque on the vehicle. This seca must be counter balanced by mm 
average torque produced by the pneumatic system. The magnetic torques 
are essentially constant for short periods of time while the pneumatic 
system delivers discrete impulses, With regard to the 2355 payload it 
was desirable to minimise the numbers of gas valve fittings to avoid 
degradation at payload data. This required the installation of permanent 
magnets to compensate for the permanent magnets in the BTL cannister and 
the Klystron Tube in the Transmitter-Modulator. The compensating units 
were composed of an assembly of small bar magnsts to allow for tuning 

the unit to achieve a magnetic monent equal to the magnetic moment to be 
compensated, ‘The assemblies were then mounted in the vehicle with their 
moments directed opposite to the moments to be compensated, It has been 
estimated that the method and equipment used permit at least $% compensa~ 
tion. ‘The following teble lists the components of body torque that would 
generate by the Klystron Tube magnet during typical active payload passes 
for 0% (no compensation) and 90% compensation, The units of torque used 
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are millifoot-pounds. 


Of 90% 
Pass | 
Noe Roll Pitch Yaw Roll Pitch Yaw 
9 5 5 h 0.5 0.5 Ok 
Uy 6 5 05 0.6  —605 COS 
16 8 h 2 O08 Od 0.2 


In roll each valve firing produces a momentum of about 0,02 ft-lb-sec, The 
uncompensated roll torque on Pass 16 would be 0.008 ft-lbs. The time inter- 
val between valve firings is then: 

0.02); 


Ta =» 3 secoms 
0.908 





For the 90% compensation case the time interval will increase by a factor 
of ten to 30 seconds. For 95% compensation the interval would be 60 


seconds, 


For either pitch or yaw the momentum imparted by a single valve firing 

ie about OAS-Picticass:. Consider an uncompensated torque of 0.003 ft-Ib- 

about either axis, the time between firings would be: — | 
0.15 | 


ir 


= 50 seconis 
0,003 | 


For 90% compensation the interval is 500 seconds amd for 9% compensation 
it becomes 1000 seconis. These increased time intervals were judged | 
to be satisfactory for payload operation,. 


Ll-]19 
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2elels Command and Control Subsystem 


2elelel Systems Requirements 
The C&G Subsystem for Vehicle 2355 is required to perform the following 


functions: 
e Data Link Operation (VHF and UHI) 
e Commanding 


e Tracking and Acquisition 
A block diagram of the subsystem showing the functions of each major con- 
ponent is shown in Figure 2.1.4.1. Subsystem requirements are summarized 


in Table Qelelele 


2elele2 Data Link Systen 

The data link system consists of the following subsystems: 
« Telemetry System (VHF) 
« Wideband Data Link (UH?) 


Telemetry System - The telemetry system consists of the basic SS-O1LA 
telemetry link and an additional link to accommodate Program peculiar 
on-orbit instrumentation requirements, The basic SS-OlA telemetry is 
used to monitor basic vehicle performance during the ascent phase and 
for some additional instrumentation on orbit. The Telemeter, Type 5, 
which is basic equipment, is augmented with additional VCO's for the 
added on-orbit instrumentation. Telemetry data is transmitted via a 
VHF Transmitter, Type hs Multi-coupler, Type 3 and a VHF Antenna, 
Type 19, during ascent and orbit. 


To fulfill the total instrumentation requirements, one additional 
1-120 
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TABLE 2eleliel 


| SUMMARY OF 
COMMUNICATIONS AND CONTROL SUBSYSTEM 
PERFORMANCE PARAMETERS 


Tracking Data Accuracy (3) 
A. Retrospect Ground Track + 1.5 nom, both axes 


Command Functions 
A. Real Time (RIC) 9 | 
1) Mascimum Command Rate One (1} per 4 seconds 
2) Secure Functions 20 


B, Stored Program (SPC) 2h, 


Telene Links (VHF 
A. 235-5 me Link (Basic SS-01A) 


1) Output signal-to-noise 35 db (rms-to-rmns ) 
ratio 


B. 25.3 me Link (Program Peculiar) 


1) Output signal-to-~ 35 db (rms-to-rns ) 
noise ratio 


Payload Data Links 


A. UHF Wide Band Data - 
2.2 KMC 


1) Information bandwidth 7.5 MC 


2) Output signal-to- 26 db (peak-to=-rms) at 
noise ratio elevation above 5° 
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telemetry link is provided for vehicle and payload status in real 
time and stored time. A Tape Recorder, Type 12, with a Recorder 
Marker, Type 1, is used for storing telemetry data. This link 
utilizes the Telemeter, Type 2, a Type transmitter, a Type 1 mlti- 


coupler, and a Type 19 VHF antenna. 


Tape Recorder Problems - The Type 12 tape recorder serial nusber 303 
used on 2355 was returned to the Vendor for tie dow of the metallic 
tape leader. It has been found that excessive oxide build-up on the 
end-of-tape sensor can result in failure to turn off when the end of 
tape is reached. With the tape tied down, the hysteresis drive motor 
will stall, but the unit will function properly when commanded to 
reverse. The recorder was also given a 25-hour burn-in and re-run of 


the ATS at the factory. No FEDR's were recorded against S/N 303. 


Commtator Problems - During tests at the launch pad, one of the 
commtators failed to start and was replaced with a spare unit. Ex- 
perience has show that units that have once failed to start are likely 


to fail again, so that replacement of the unit was considered necessary 


Wide Band Data Link - The WBDL transaitter operates in the 2200 to 
2300 me telemetry band, with power output of ten watts. The transmitter 
consists of a transistorized exciter driving a travelling wave tube of 
advanced design. The power supplies for the TWT and exciter operate 
from the vehicle +28 vdc unregulated supply. | 
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The WEDL Transnitter characteristics are summarised belows 


Dimensions : 14.6 x 8.5 X 6.0 inches 
Weight: 2 lbs. 
Input Power: 422.0 to +29.5 vde at h.& amperes max. 
RF Power Output: 10 watts 
Frequency Range: | | Fixed-tuned 2.2 to 223 ge 
Modulation Modes YM | | 
Deviation: * 6m 
Operating Temperature ~30° F to +165°R. 
Ranges | 3 
Altitudes | Unlimited (operation at critical pressure) 
Reliability: 0.96 probability of survival for 728 hours — 
| at a 15 percent ‘duty cycle. | 
Input Impedance: 75 ohms + 10% shunted with not more than 
30 micro-wmicro farads capacitance. 
Pulse Response: Shall be capable of deviating 12 mcs with 
| a rise time of 60 nanoseconds from 10% to 


Frequency Response: The modulation voltege required for 
| constant deviation (plus or minus 6 mc) 
referenced to 100 KC shall not vary more 
than + 2 db from 10 cps to 5 mcs. 
Although the design information bandwidth of the WBDL is 5 me, tests 
have shown that it will meet the program requirement of 7.5 mc for 


the 2355 series of vehicles over the predicted temperature range. 


As a test of linearity, phase shift, and frequency response, a RETMA 

television test pattern was transmitted by the WEDL. The table below 

shows the resolution of the received signal for various signal-to- 
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noise ratios: 


RETMA PATTERN 
Cam-Mon, Data link +12 db IF +6 db IF S/N 
Best S | 
Vert. Res. 325-350 325-350 325 250 
(Scan Lines | | 
Horis. Rese 1 ny rn re 
(Retma Lines ) 
Bandwidth (mes) 8.L5 8.5 8.125 5.00 
80 lines/me of 
Horize Res. 


ne A A IES 
The following Table shows the degree of linearity of the video 
portion of the received signal for various signal-to-noise ratios: 


| Cam-Mon. Data Link +12 db IF +6 db IF S/N 


Best S S/N 
Number of 
Discernable 9 (412) 9 a) 8 
Grey Levels ; 


<meta Pa CP SCA OS IS 


Data-to=noise ratio (pk-to-rms) of 26 db or better can be obtained at 
all elevation angles greater than 5 degrees using the 60' T&D Antenna 
and receiving system installed at VIS and NHS. 


Redundant WEDL Transmitters were installed on 2355 with provision for 
switching on the standby unit by real time command. 


WEDL Development - Original requirements for the WBDL Transmitter, 
Type 8 specified operation at sea level ani at 107° mm, It became 
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evident that due to outgassing of the equipment there would be formed 
an atmosphere surrounding the equipment of approximately 107 » for as 
long as 2h hours. Therefore, it was necessary to redesign the trans- 
mitter high voltace power supply to exist within this critical environ 
ment. This was accomplished by potting the high voltage critical 
areas and conducting extensive tests to determine their operability 


-6 


from 760 mm through 10°~ mm without any malfunction. This requirement 


was subsequently noted in later revision of the transmitter specifi- — 


cation. 
Antenna Type Re-direction - The orbit antenna originally installed 


for the 2.2 ge wideband data link was the UHF Antenna Type 7 which is 
the UHF part of the UHF/VHF Antenna Type 2. The Type 2 antenna is a 
boom-mounted item whlch has been very successful on a number of 
nose down attitude vehicles. The boom antenna was not reguired on 
2355 because of the horisontal vehicle attitude, so the Type 7 
antenna ‘eas installed under an ejectable fairing on the under side 
of the vehicle. Antenna patterns were taken with the Type 7 antenna 
in this location and were found to be unacceptable because reflec~ 
tions from the vehicle skin caused serious holes in the pattern. 
Patterns were then run with a Type antenna which is a flush mounted 
cavity-backed dipole. The Type patterns were found to meet the 
requirements and also make a better imtallation by eliminating the 
necessity for an ejectable fairing over the antenna, thus saving 
weight and improving the reliability. 


1-125 


“SEGREF SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CAART 


DECLASSIFIED ON: 9 JULY 2012 —SFeper S PEC | A [ H ANBbE:C 


2.1.4.3 Command System 
The vehicle command system consists of the following subsystens: 
| e Real Time Command Subsystem 
e Stored Program Conmand Subsystem 
e Secure Real Time Command Subsysten 


Real Time Command Subsystem - (Command Function List) - The real time 
command (RTC) subsystem consists of an S-band VERLORT or PRELORT 
Radar, the vehicle~borne S-band Transponder, Type 3, and the Decoder, 


Type ll. 


The command trenamission format consists of a three-pulse group with 
the position of the center pulse of a series of pulse groups modu- 
lated with a combination of two audio tones. Six tones are used for 
a total of 15 combinations of two. The decoder recovers the tones 
from the position-modulated pulse to activate relays in a matrix to 
generate 15 non-redundant outputs. These outputs are applied to the 
Power Control Unit(PCU), Type 25, where a relay matrix is used to 
obtain a total of 19 outputs from selected cambinations of two outputs 
of the 15 decoder outputs. | 


The format of the decoder outputs consists of an address function and 
an execute function, Of the 15 outputs available, 6 are designated 
even-numbered addresses. When an even-numbered address is selected, 
the odd-numbered outputs constitute the execute functions. This 
procedure, therefore, provides for 6 possible addresses with 8 
executes associated with each address, for a total of 18 possible 


SEeREF SPECIAL HANDLI":C 


LOCKHEED MISSILES & SPACE COMPANY 


eo ate conte = pammaranets 4:* am ganvengg inp donee arta rmasenpnSRUPUE-ERENUEDaEAnaNenamanemnates: 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CAART 


DECLASSIFIED ON: 9 JULY 2012 -SEGREF SPECI AL H ANBEE i 


commands. The 15th output from the decoder is used to reset the relay 


matrix before a new address is selected. 


Stored Program Command Subsystem ~ The stored program command (SPC) 
capability is provided by a Fairchild Programmer, Type Te The 
programmer is a transistorized switching device with two tape 
magazines, each of which is capsble of 13 momentary contact closures 
by brushes making contact through holes punched in the 14 mil thick, 
3¢ mm wide Mylar tepe. The length of the tape is divided into sub- — 
cycles, each of which corresponds to a nominal orbit. Tape drive 
speed is adjustable by real-time comnand to reconcile the pre-set 
speed for a nominal orbit to that speed required for an operational 
orbit. Since each cycle on the tape represents an actual orbit, a 
programmed event occurs in relation to a specific latitude. Real time 
commands are available to cause the programmer to skip to the next 
subcycle or to repeat the current subcycle to adjust the programmed 


longitude of the subcycles. 


Secure Real Time Command Subsys tem - One secure real time command 
(RTC) is provided by using the S-band VERLORT system in a digital 
mode with the Decoders, Type 9 and Type 13. The middle pulse of the 
three-pulse group transmitted by the VERLORT is positioned in dis- 
crete positions relative to the other two pulses to indicate binary 
None" and "zero" bits. The Type 13 decoder, which is a bit detector, 
provides binary "one" and tzero" bit outputs to the Type 9 decoder 
corresponding to the relative positions of the pulses within the 


1-127 , : 


-seerer SPECIAL HANDLIT:C 


LOCKHEED MISSILES & SPACE COMPANY 





sls <email 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CAART 


DECLASSIFIED ON: 9 JULY 2012 —SFCREF SPECI AL H ANDEING 


three-pulse input groups. The Type 9 decoder generates an output 
command when the sequence of bits corresponds to a pre-selected 


sequence. 


A back-up secure command system is provided by the VHF "ZEKE" System. 
This system consists of a VHF Receiver, Type 1, and Decoders, Types 5, 
8, and 9. The command transmission is a carrier which is amplitude- 
modulated by seven audio tones. The Decoder, Type 8 » generates three 
unsecure outputs from three of the tones. The Decoder, Type 5, 
generates "one" and "zero" bit outputs from the four other tones to 
operate the Type 9 decoder. The Decoder, Type 9, generates a secure 
output camand when the sequence of bite corresponds to a pre-selected 


sequence « 


2elelieh Tracking and Acquisition Subsystens 
Tracking Subsystem - The tracking system consists of a veounA-based 
S-band Radar and a vehicle-borne S-band Transponder, Type 3. The | 
receiver portion of the transponder operates in conjunction with the 
command decoders to provide real time command functions. The decoder 
section of the transponder triggers the transmitter section in | 
response to a properly coded interrogation. This coded interrogation 
is recognized by the decoder from the spacing between the first and 
third pulse of a three-pulse group. The transmitter transmits a 
single-pulse reply for each correct interrogation pulse group 
received by the transponder. 


The antenna for the S-band tracking and command systems consists of 
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the Type 3 S-band antenna which is used for tracking during exit and 
orbit. 


The above-noted tracking system components provide data which, when 
combined with computational programs that have developed from previous 
flights, permits an ephemeris determination in retrospect with an 
accuracy of approximately + 1.25 nautical miles in altitude. This 
level of tracking accuracy applies for orbits with an eccentricity as_ 
required for these vehicles. This ephemeris determination capability 
is well within the overall tracking system requirements as noted in 
Table 2.lehele 


S=Band Transponder Problems - 


SCR Destruction Due to Cold Starts - SCR destruction results from 
over=voltage produced when the beacon is interrogated before the 
transmitting tube is warmed up. An SCR protective network consis- 
ting of a zener diode and a diode across the SCR was installed in 
late Philco production units, and other units were retro-fitted. 
Cold starts are no longer catastrophic, but will result in 

reduced tube life. Future transponders will have a time delay so 
that the unit cannot be cold-started. 


Lock=-up =~ Lock-up of the beacon has been experienced in flight 
2315 and in tests where an extraneous pulse has fired the SCR 
pefore the pulse forming network has charged. The lockup was — 


- sustained in beacons where the power supply shifts to a higher 
frequency but does not turn off. Power transformer redesign 
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solved the sustained lock-up problem and all units were 
fitted with the new transformer. 


Momentary lock-up was prevented by converting the over-interroga~- 
tion circuit to a blanking circuit. The blanking circuit prevents 
triggering of the SCR during the critical pulse forming network 
recharge time. The purpose of the over-interrogation circuit was 
to limit the repetition rate of the beacon to 1600 pps so that the 
allowable plate dissipation of the transmitting tube would not be 
exceeded. However, tests have shown no degradation after 150 
hours of operation at the maximun repetition rate of 800 pps. 


Pressure Tests - During pressurisation tests at Philco, the output 
R-F connector from the circulator was found to be damaged. The 
malfunction was caused when internal pressure was increased to 


30 peige 


It has been manufacturing practice by the circulator supplier to 
mill down a standard canector so that it would fit the circulator. 
This milling procedure weakened the connector walls at the point 
where the two pieces of the semester were flanged together. 
Separation of the connector occurred at this point, causing the 
center conductor to break. 


all transponders were retro-fitted with new connectors of greater 
mechanical strength and it was recommended by Philco that the 
‘prasaute not be raised above 15 psig. 
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UHF Acquisition Subsystem - The UHF acquisition subsystem consists of 
a 0 milliwatt, 00 mc, continuous wave Acquisition Transmitter Type I 
and a UHF Antenna, Type 1. This transmitter provides a signal which 
the 60' T&D Antenna at the tracking stations can acquire and auto- 
track. The 60! T&D Antenna has such a narrow beamwidth at 2.2 gc 

that acquisition of the WBDL is difficult. Beamidth is 0.5° at 2.2 
ge and 3.0° at 00 mc. The antenna cannot be slaved to the Verlort 


Antenna with the required accuracy. 


The T&D System has a 2.2 ge auto-track capsbility which can be used 
once the vehicle has been acquired. Studies have shown that it should 
be possible to acquire and lock on at 2.2 ge, but until sufficient 
flight experience has been obtained, the 00 mc acquisition transmitter 


is a requirement, 


2elelte5 Reliability 
Reliability computations for the C&C Subsystem have been performed based on 
the following major assumptions: | | 
» Ascent, orbit and recovery phases are all included in the analysis. 
» A110 percent orbital duty cycle for equipment commanded On and Off. 
« ‘Two-thirds of the status telemetry is necessary to achieve igeton 
SUCCESS 
. The Type 8 Wideband Data Link Transmitters are considered to be 
in a "standby redundancy" defined as warmad up and ready for 
switching upon command. Other equipments are considered to be 


"in series", 


wl 
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For the overall C&C Subsystem, including the "ZEKE" VHF Command System, 
Reliability is computed to be R = 0.938. Required Reliability for mission 
life has been specified by the Program Office as R = 0.920 (with ZEKE) and 
R = 0.933 (ZEKE alone). 


Basic C&C Functions Reliability 
Tracking 0.995 
Command (Including ZEKE) 0.963 
Command (Excluding ZEKE) 0.969 
ZEKE Command System 0.994 
Payload Data Readout 0.987 
Telemetry 0.970 
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2-1-5 Radar Antenna Development 
QeleSel Antenna Selection 


Several ground rules were established for the design of the antenna. In 
accord with these it was determined that there would be no special testing 
devices which would compensate for the earth's gravity field. To maximise 
reliability there would be an absolute minimum of antenna unfurling, and 
the antenna would be as simple as possible. The antenna ee beamwidth 
requirement was such that in order to place an antenna on the vehicle with- 
out an unfurling operation it would be necessary to utilize a uniform | 
aperture illumination. From an aperture standpoint this is the most effi~ 
cient antenna design as it will yield the narrowest beamwidth and the 
highest gain for a given aperture. The resonant array selected laid along 
the length of the Agena vehicle and required no unfurling. 


Resonant arrays offer several advantages. Among these are uniform slot 
dimensions and spacing throughout the array. From a manufacturing stand- 
point this yields the lowest possible cost. Arrays offer the greatest 
flexibility in pattern control to the antenna designer. When the array of 
slots consist of relatively few, their conductance can be controlled by 
individual adjustment. Because the number of slots in this array is very 
large (h,h52 slots) this approach was deemed impractical. Therefore, 
precision machining with tight overall tolerance control, coupled with a 


precise electrical design procedure, was necessarye 


It was decided that the 15' aperture for the array would be broken into 
four parts which yielded 53 slots to each quarter section element. 
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Two different types of array elements were investigated; the broad wall 
shunt slots and narrow wall shunt slots. Narrow wall shunt slots were 
selected because of their ease in fabrication. 


The antenna was located along the side of the Agena vehicle between 
| the Z-axis cable harness fairing and the tank pressure fittings on the 
| starboard side. This held the minimum usable antenna width to 2)" and 


-——_— 


| - to keep the covering fairing to a minimum height, the height of the 
antenna at the center was held to 2%", The antenna fairing was programmed 
to be separated at Thor VECO so that the fairing weight was not a substan- 
tial part of the Agena payload weight. This fundamental design approach of 
placing the antenna on the side of the Agena in horizontal flight resulted 
from some excellent vehicle design work and represented a considerable 


change from the original proposal which had a more complex fairing design. 


Several unusual design parameters were generated by placing the antenna 
along the side of the vehicle. Probably the most interesting was the 
nusaaatee of freeing the antenna from the effects of vehicle deformations 
due to thermal gradients across it. This is commonly called "vehicle 
hotdogging" and over the 15' length of the antenna this effect represented 
an error of over one-fourth of an inch which would be incompatible with 
the pattern requirements for an antenna of this application. To solve 
this problem the antenna was allowed to slide along three fixed points 
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during both exit and orbit while a fourth point was affixed to the velicle. 


By this approach the antenna was now free of veltiicle deflections. It was 


determined the total deflections of the antema aperture due to thermal 
gradients would be less than .026 of an inch. 


2.10502 Performance Requirements 

The antenna ani interconnecting waveguide specification described the 
original antenna requirement, specifying that the materia would be a two- 
dimensional array capable of operation with the assoclated equipment. The 
antenna was to operate at 9600 mcs. 


The agimuthal beam patterns for the array were defined as follows: 


o Half power beamedth of 2316 + .02 degrees. 

o Main beam null to null beamridth of .78 + .04 degrees. 

© Asimuth side lobes stall not be greater than 12.5 db dow 
with respect to the principle one way pattern. 

o The position of the second and thind mills should be .78 + «l. 
degree and 1.17 + .l degree, respectively. 


The vertical beam patterns would be as follows: 
o Half power beamwidth of 2.9 + ol degree. 
o Null to null beamrddth of the main lobe would be 6.5 + .1 degree. 
o Side lobes would not exceed 12.5 db dow from the — of the 


main beam. | 
) ORE OES SS 05 degree from 


the main Lobe. 
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© The side love level 30 to 35 degrees from broadside would be 
at least -25 db. | 


The antenna was to have a gain in excess of 3.0 db and be designed to 
handle SO KW peak transmitter power with a PRF of 8736 and a pulse width 
of 1 microsecond while in orbit. The antenna VSWR would not exceed L.liel 
over the required RF Band. 


The azimuth boresight accuracy would be 0.05° and the elevation boresight 


accuracy 0.15". 


221.503 Antenna Design and Fabrication 
™> meet the thermal requirements with passive thermal control surfaces a 
careful thermal analysis was made. It was determined that proper surfaces 
would control the antenna temperatures during the enticipeted launch window 
to temperatures from 0° to 90°F. This involved a more difficult thermal 
enalysis than is normally accomplished for solid metal hardware designs 
because this temperature variation determined the extreme limits of the 
anterma bandwidth requirements. This was an unusual position for the 
thermal engineer and an unusual philosophy was developed between the two 
design groupe to establish the most practical and economical design. The 
philosophy involved the establistment of probabilities of various tempera- 
ture gradients. This proved to be very helpful as the nornal approach would 
have had a minimum of an additional 20 to 0° temperature extrene. 


The antenna in ite final design configuration consisted of eighty-four 
elements, each of which had fifty-three narrow wall shunt slote and 
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arranged four elements long and twenty-one elements wide. ‘Two cross feeds 
with narrow wall shunt slots : twenty-one on each side of the narrow wall of 
the feed waveguide, were used to feed a single grid of forty-two - fifty- 
three slot elements. The feed waveguide was WR-75 which has inside 
dimensions of .375 X .750 in., and was available in both copper and 
aluminum to accuracies of + .001 on the inside dimensions. This waveguide 
allowed greater spacing of the 53 slot elements because of the greater guide 
wavelength. Spacing between the 53 slot elements waa 1.073 inches. Use of 
the WR-75 feed guide resulted in a 20 percent waveguide weight gevine by 
reducing the number of vartical elements from 26 to 21. Of course, the 
slots on each side of the feed guide are at the same angle. Each element 
was precisely made and individually tuned for the best VSWR and bandwidth. 
An empirical design program was undertaken in conjunction with a theoretical 
analysis to determine the exact slot angle, depth, spacing, and width. It 
was necessary to design an over-coupled feed in order to obtain the desired 
antenna bandwidth. A perfect feed would not give as good bandwidth at a 


VSWR of 1.4:1 as the over-compensated feed. 


Bach forty-two element grid assembly was designed to be held on Live 
charmel cross members with a slot in each end of the cross member for 
vertical adjustment on the antenna frame. Each grid was affixed to the 
antenna frame at the center only, and then allowed to slide on eccentric 
nins in these slots at each eight remaining adjustment points for each 
grid. Each of these twenty adjusting pointe were used to produce an 
extremely flat array surface. — 
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To eliminate residual stresses produced during fabrication which might be 
released by thermal variations allowing antenna deformations to occur where 
these stresses were relaxed, it was decided that welding or brazing would 
not be utilized as a fabrication technique. The elements were joined to 
their feeds and to support channels by bonding with ductile epoxy adhesive. 
This had the additional advantage of allowing maznesium to be bonded to 
aluminum so that no special extrusion dies were necessary to build the 
antenna. To obtain electrical continuity from the grid to the feed a 
silver-loaded epoxy was used and to obtain a mechanical joint with suffi- 
cient strength and flexibility each of these electrical joints was covered 
by Shell Development Company's Epon 921 epoxy. While this resin is pro- 
curable under Standard LAC Spec other epoxies which meet the same strength 
requirements could also be obtained. These epoxies lacked the flexibility 
necessary for this design to survive the exit environment. Considerable 
evaluation work was performed before adopting either the conductive epoxy 


or the mechanical epoxy. 


The antenna frame consisted of two Longitudinal channels which are separ- 
ated by tubular members and sheet metal arches. These frames were fabri- 
cated on a fixture to insure precise alignment and straightness and to 
‘further eliminate the possibility of residual giveines being present which 
might relax under the influence of vibration or temperature variations. 
The frame contained the members for mounting the antenna to the vehicle. 
The antenna was mounted to the vehicle with one hard point and then 
contained by three additional mounting paints which allowed the antenna 
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to slide relative to the vehicle but fully contained the antenna. During 
exit conditions the cantilevered top portion of the antenna was held in > 
place by the spring action of the frame being deflected 1/16 of an inch 

and contained sy two pin pullers. After the fairing was removed the squib- 
actuated pin pullers were fired by electrical command allowing the antenna | 


to return to a flat shape. 


Broached waveguide was used fon the fifty-three slot elements. This is a 
difficult broaching job as the stock was 8" long. The vendor would not 
certify that these components would have internal accuracies better than 
+ 003". The LMSC Antenna Laboratory had had considerable experience with 
this broach and it was known that the E-plane dimension would probably 
vary 2002 to .003 due to the compression of the part during the broaching 
process; however, the H=plane dimension would be very accurate. (Indeed, 
it was, having an accuracy of + .0005 inch). It is the H«plane dimension 
or wide dimension of the waveguide which was critical for this application. 
The broached waveguide for the elements almost eliminated fabrication 
rejects caused by variations of the H=plane dimension. 


The slots were machined in the elements using a fourteen gang cutter. 
Biadea between each individual cutter were made to be twice the apanina 
between the slots as consecutive slots are at posite sien: Every other 
slot is parallel. The cutter spaces were eccana to an extreme accuracy of 
.00005. The machining was done on a large Lucas in the Agena D facility. 
A slotted waveguide element was placed in a fixture and then the fixture 
and table were moved through the gang cutter, next the table was indexed 
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over so that the middle slot would pass back through a cutter. ‘The table 
was then tilted to the proper angle for the alternate slote, indexed one 
slot, spaced, and moved through the gang cutter, indexed again and brought 
back through the cutter. Four cutting operations accounting for the fifty- 
three slots. ‘The slots, however, were not finished to depth on the gang 
eutter. This was done by hand finishing with a gauging tool. This process 
of finishing each slot to the precise depth and de-burring was the most 
time consuming of the fabrication process. The degreasing and cleaning 
processes were extremely important to achieving good fifty-three slot 
elements. ‘The influence of dirt ami grease in the slots would create 
erroneous tuning and it was therefore necessary to establish an unusually 
rigorous procedure for degreasing, cleaning and application of the Dow 17 


processing. 


A sweep generator was used to produce a VSWR vs. frequency display on an 
oscilloscope to select the proper end plates and determine the usability 
of each of the fifty-three slot elements. All elements used had VSWR's 
better than 1.05:1 at f, and all elements had VSWR displays superior to a 
No-Go stendard which was imprinted upon the face of the scope. Each 
individual element was tuned for bandwidth and VSWR by selection of an end 
plate of proper dimension. 


Each feed was checked with a load terminated stub over each of the forty- 
two slots and Smith Chart data teken to assure that each of the feeds would | 
be able to produce a grid section with a prescribed bandwidth-VSWR relation 


ship. 
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The grid assemblies were fabricated on a fixture which would locate each 
fifty-three slot element @nd over the appropriate feed slot within .005 of 
an inch. The grid support channels were bonded to the grid elements in 
this fixture and the end plates for each of the tuned elements were bonded 
to the elements at this time. Both the electrical conductive epoxy and 

the mechanical epoxy were applied in this fixture and before the grid was 
moved from the fixture the epoxies were cured with a baking process which 
involved placing a cover over the fixture and using heat guns to raise the 
temperature of the assembly to LS °F for a period of two hours. After the 
assembly had cooled a continuity check was made to make sure thet electrical 
continuity was obtained. The grid assemblies were now tuned for bandwidth 
and VSWR with a double stub tuner and the end plate for the feeds. The end 
plates were then bonded in place, again using first the conductive epoxy and 


then the EPON 921 epoxy. 


The grid assemblies and frame were transported to the antenna pattern range 
at Santa Cruz where the freme was mounted to the pedestal fixture and a 
trensit used to align the grids on the frame to a flat surface. The grids 
were adjusted to flatness by locating the eccentric screws and after a 
flat surface had been obtained each of the eccentrics were drilled and 


pinned in place. 


The two grid assemblies were then phased together using the pattern range 

and recorder to balance side lobes and nulls by adding or subtracting 

shims between each grid assembly and the magic T power divider. A magic 

tee was used instead of a conventional tee so that one arm of the magic 
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tee would be open to allow the waveguide to outgas at this point. When the 
proper phasing had been obtained an aluminum shim was machined to replace 
the brass laminated stock. The antenna was tuned for bandwidth and VSWR 
consideration by selecting end plates for the double stub tuners. this 
plate adjustment was eseawesy in order to obtain the proper VSWR over the 
prescribed bandwidth of 30 mc. 


2.leSeh Testing Program 

Before any antenna testing could be performed, it was necessary to build a 
pattern range capable of measuring antenna patterns for this application. 
An extensive site selection study was undertaken and an excellent site was 
located in the Santa Crus Mountains. This 17° range was located immediately 
adjacent to IMSC's Santa Cruz Test Base Facility and offers an excellent 
growth possibility for a 5° four-mile range. The Santa Cruz Test Base 
range had many additional advantages due to the close proximity to the 
facility at Santa Crus where maintenance department services, equipment 
and machine shops, and other services were available. 0' towers were 
‘used on each end of this 5600! range. The veosiving tower consists of a 
large working platform at the top of an extremely rigid base which mounts 
a pedestal capable of supporting an Agena vehicle. The remote or trans- | 
mitting site is operated by radio controls from the receiving site. The 
receiver, the positioner control, console smd the recorder are all located 
in one convenient cabinet or console in a 20 x 30! tuilding at the base of 
the receiving tower. Figures 2.1.5.1 and 2eleSe2 show the antenna on the 


receiving tower. 
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Figure 2.16562 = Radar Antenna on Boresight Tower 
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Patterns taken on this range serve as a method of debugging the antenna 


design as well as for taking the final patterns. 


Two basic testing philosophies were utilized for this program. One was the 
use of design proof testing to verify the design approach. The second was 
the more rigorous qualification and acceptance testing required to insure 
a high quality product capable of successful operation in the space environ 


ment after undergoing exit conditions. 


Nesign verification tests were conducted on various epoxy resins to assure 
that the proper selection had been made. This included hot tests (180°F) 
and cold tests (60 Or) in which bonded components were drop tested to 
assure flexibility over the above temperature range. Small scale vibration 


tests were conducted early in the design stages to verify the bonded design 


approach. 


A quvarter-section brass array was tested to verify slot design and to 

verify that the spacing between the elements in the vertical array was 
correct. A full scele antenna was fabricated in brass so that design mod- 
ifications could be made eesily, yet a complete electrical antenna assenbly : 


would confirm the final. design approach. 


Feed tests were conducted in the vacuum chamber located in Building 130 to 
verify the ability of the feed to handle the prescribed power at altitude. 
Measurements were made of pulsed power breakdown in air at 3.2=cm wave- 
length in rectangular waveguide through the transition fran diffusion- 
sentrolied breakdown, The range of pressure for these measurements was 
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between 1 and 1072 Torr. The mean-free-path limit defined by Brown and 
MacDonald 4 corresponds to about pd = 0.06 em-Torr, where p is the pressure 
and d the narrow dimension of the waveguide. Results of the measurements 


are show in Figure Qele5e30 | 


The measurements were made using a magnetron modulated by l-usec pulses at 
1000, 2000 and 5000 pulses/sec. No pulse-rate effect was observed. Measure- 
ments were made in reduced-height sections of waveguide tapered dow fron 
standard 1X 4 ine (2.54 X 1.27-cm) rectangular waveguide. Two sections 

were used: one with d = 0.63 cm, the other with d= 0.25 cm. The date were 
normalized to standard waveguide. A polonium source was placed over a small 
hole in the waveguide broad face to obtain consistent results. | 


By curve fitting to the data of Gould and Roberts” , an expression for the 
diffusion-controlled breakdown was obtained to extend the curve marked I in 
the figure to the mean-free-path limit. The expression for this curve is 
18.4 = [4 (e/p -26)2 -100 (By/p)/p*a? (2 + fv 2)t] pp, =) 
where E, is the effective electric field strength, -diwen by 
gE, - Bf [2+ w,2)| 2, (2) 


wis the radian frequency, and Veo is the collision frequency. 


The portion of the curve marked II, to the left of the transition, was 
calculated by means of the formula 
vate, = emp [baan fo) 9] 3 8) 


1) S.C. Brown and A. D. MacDonald, Phys. Rev. 77, 1629 (19,9) 


2) Le Gould and L. W. Roberts, J. Appl. Phys. 27, 1162 (1956) 
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where Viet? the net ionization frequency, is given by extrapolation of the 


data of Gould and Roberts by the expression 
2 
Vaet/P 7 t (E,,, -26)° x 10", (4) 


and n/__ is the ratio electrons produced in time t, the duration of a 
single pulse, to the initial number n. Following Gould and Roberts, n/ 10 
is assumed to be at least 10°, The interpretation of the expression is 
simply that, although the mean free path of the electron is greater than 
the waveguide dimension d, the electron makes many oscillations in the 
field before it can arift to the wall. Consequently, frequent collisions 
occur that may produce ionization. If the ionization rate is sufficiently 
great to yield n/ aD 10° before electrons can be lost by drifting to the 


walls in time t, breakdown will occur. 


Multipacting is not indicated. These tests were perforned to verify the | 
ability of the entire system to pass 30 KW peak power thru X-band wave- 
guide. 


Qualification tests were performed on a quarter-scale model to determine 
the ability of the antenna to successfully survive the exit enviroment. 
Three axis vibration tests were conducted. Resonant searches were 
conducted in all three axes. Sinusoidal sweep Levels of $" dynamic anpli- 
tude from 5 to 9 ope, 2 g load from 9 to 200 cps, S g load fram 200 to 
2000 eps, were conducted in all three axes, together with random vibration 
levels of 0.01 e”/ops for 20-200 cps, 0.03 g*/cps for 200-100 cps, 0,08g°/ 
cps for 00-2000 cps. These random vibration levels are unusually severe. 
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Also, during the random vibration in the Z-axis one of the bonds of an. 
element to the waveguide support channel broke and during the Y-axis randan 
vibration a different bond broke to the center waveguide support channel. 
Wo additional damace occurred because of these failures. The bonding 
‘procedure was improved because of the failures. Before bonding the flight 
antennas the wavecuide support channels were cleaned of their iridite 
surface finish and the Dow 17 wan removed from an area adjacent to the 
channel on the waveguide element. This procedure had not been used in 
fabricating the ¢ scale model, Patterns which were taken before the vibra~ 
tion test agreed with the patterns taken after the vibration test, there- 
fore confirming that no substantial damage was inflicted to the test mockup — 


br the vibration test. 


ae 
| 
| 
' 
| 


A fullescale antenna was subjected to static lond tests in such a way as 
to reproduce the maximum »ossible load levels which the antenna would be 
required to withstand. Three different structural level tests were 
conducted with various different loads applied. Neflection of the amtenna 
was recorded for each of the tests before, during and after the tests. In 
each case, the antenna withstood thes: tests very easily. Two denanic tests 
were conducted on the full-scale model. The first was a squib firinz test 
in which the antenna was deflected as it would be in flight to the proper 
position for the pin oullers and the squids were fired. This test was 
conducted both with one and two squibs in each of the pin pullers. Ko. 
damage to the antenna was noted. A cyclic load or forced vibration test 


was conducted in which the antenna was vibrated at the center of the 


mounting span. The displacement of 3" at 5 cps, a i g load or an 
| Leth 
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displacement at 12 cps, and 2 g load from 15-1200 cps. The antenna 
successfully passed this test without any physical damage. Antenna 
patterns taken at the Santa Cruz Test Base range before and after these 
tests verified that the antenna was completely undamaged even though the 
vibration levels were considerably above expected vehicle requirements ° 


Feed tests similar to those performed in the vacuum chamber, Bldg. 150, 
were done with the entire system in the TAS Chamber in Bldg. 10) to verify 
that a power breakdown problem did not exist in the feed slots nor the 


input waveguide. 


Acceptance tests were conducted on each of the three antennas to show that 
each had been properly fabricated. A forced vibration of + .125" deflec- 
tion at $ ops, 2 g load at 12 cps and 2g load from 15-1200 cps was imposed 
on the antenna. The first two tests were of five-minute auration and the 
last ten from 10 to 20 minutes duration. The antenna was patterned before 
and after this series of tests and the boresight alignment was checked 
before and after each of the tests. Figures 2.1.5.) and 2.1.5.5 are 


principle plane patterns for the arraye 


2ele5e5 Alignments | 

The first of the alignment procedures took place at the antenna pattern 
range. This operation was essentially one of locating an optical line of 
sight parallel to the electrical line of sight. To perform this, a bore=- 
sight bracket which was capable of adjustment in two planes, was affixed 
to the antenna frame at the center of one of the channel menbers. 
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A telescope was mounted to this bracket and the antenna was positioned for 
electrical boresight. The optical axis was adjusted by positioning the 
bracket until the cross hairs of the telescope aligned with a properly 
positioned target at the ivanenttiine site. The boresight bracket was 
then drilled, reamed and doweled and repeatability checks made to assure 
that a proper boresight had been obtained. | 


The second part of the alignment procedure took place at Vandenberg Air 
Force Base. The vehicle was cuted in a vertical position. The antenna 
was installed and the vehicle rechecked for its vertical position. A 
theodolite was positioned on the 35° line from the -Z axis. A second 
theodolite was positioned in approximately its proper position for align- 
ment with the boresight telescope. The angular position of the second 
theodolite with respect to the theodolite on the 39° line was established 
and this theodolite was then set parallel to the 35° line and in a hori- 
zontal position. The vehicle mounting eccentrics were adjusted to achieve 
the best alignment. Perfect alignment was not obtainable because of 
irregularities in the vehicle greater than the .032" allocated for this 
error. The error in the asimth or lose dimension was O° 2! 0", The 
elevation or short dimension error was 0° 1! 17", Several rechecks were 
made before the eccentrics were drilled and pinned. A recheck was made 
after the drilling and pinning operation and the error was the same. The 
pins were then removed and the eccentrics rotated several turns and then 
repinned to assure repeatability. The angular errors at the completion of 
this operation were identical and since this is essentially the same as 


on the ) antenna, physically down and putting it back, that specific 
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operation was not perforned. Had some error been induced by turning the 
eccentrics, the antenna would have been removed and re-installed until 
acceptable 3 however, the repeatability was excellent. A vertical transit 
was set up so that it would sweep the four mechanical reference alignment 
points. A sweep of these points indicated that the poresight scope was 
pointing high with respect to the mechanical reference plane and this 
agreed with our check at the antemma range. Our repeatability checks on 
the antenna range also showed that the poresight itself was pointing 
slightly bigher than the electrical axis 50 that in the asimuth plane the 
errors are subtractive and our actual alignment error would be slightly 
less than 0° 2' 0", Conversely, the errors in alignment in the elevation 
axis showed that it was slightly less than 0° 2' O", The specification 
allowed for errors of 0° 3' in azimuth and 0° 9! in elevation. 


A vertical transit was set up to sweep the antenna surface to confirm that 
the antenna surface was still flat. These measurements showed the antenna 
was flat within .016 inch over the entire surface when acunted to the | 
vehicle. This confirmed the original fabrication tolerance obtained at 


the antenna range. 
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2.126 Thermodynamics 


2eLe6eL Introduction 

The purpose of this section is to review unique or important thernal- 
control problems that have been encountered in the utilisation and 
adaption of an airborne radar system to a satellite payload. The 
general engineering area considered is temperature control of equipment, 
structure, and the over~all satellite vehicle. Parameters affecting 
equipment thermal behavior are described; the effects of spacecraft 
environment and orbit geometry are discussed; problems associated 

with equipment design, environmental testing, ascent analysis, and 
orbit analysis are reviewed. 


Qele6e2 Definition of Terns 
Understanding of this section requires definition of the basic concepts, 
quantities and terms used. These are defined in the following para- 


graphs: 


Thermal Radiation Thermal Radiation is defined as radiation emitted 
from a body by virtue of its temperature. A blackbody or ideal 
radiator, absorbs all incident radiant energy and radiates energy at 
the maximum rate possible per unit area. The Stefan-Boltsman Law 

{ states that the totel radiant emission of a blackbody is proportional 
to the fourth power of its absolute temperature. 


— Exittance, € , of a body is the ratio between the energy emitted by 
| 
R 


the body and that which would be emitted by a blackbody at the sane 
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temperature. Solar absorbtivity, ,, refers to the fraction of the 
gun's radiant energy incident on a body which is absorbed and trans-~ 
formed into internal thermal energy of the body. 


Thermal Conduction Internally, all solid objects transfer heat solely 
by conduction, and the property of a subatance that expresses this 
ability is called thermal conductivity, k. The rate equation for 
conduction heat transfer states that the heat flowing across an area is 
equal to the thermal conductivity times the temperature gradient at the 
point of interest. 


Thermal Convection In the case of liquids and gases, conduction heat 
transfer often plays a relatively omall part in the transfer of energy, 
the greater influence on heat transfer being the gross motion of the 
finid itself. The fluid in these convection aystems may be moved by 
baoyancy in a gravity field by puaps, or by fans. Convection systems 
fall into two categories: Free convection and forced convection. Free 
convection heat transfer results when the fluid to be heated or cooled 
is stagnant before heat is added or removed. When the fluid begins 

to change temperature, its density also changes and it will rise or 
fall in the main body of fluid, owing to local buoyancy forces. As 

is implied, in a forced convection system the fiuid is forced to move 
by the use of pumps or fans. The rate equation for convection heat 
transfer states that the heat flowing across an area is equal to the 
comvection heat transfer coefficient, h,, times the controlling temper- 
ature gradient. Whereas thermal conductivity, k, is a property of the 
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material, h, is a property of the system and depends on a large number | 
of parameters. 


Power Dissipation Internal Power dissipation in electronic equipment 
refers to the rate with which thermal energy is added to the equipment 
during its operation. In the case of an electrical power supply, this 
energy rate will be the difference between input and output electrical 
power and is a measure of the equipment! s efficiency. For a storage 
battery, this energy comes from both heat producing chemical reactions 
and electrical power losses due to the battery's internal resistance. 


Launch Window and Orbit Geometry External heat fluxes incident on 


a spacecraft are a function of the orbit geometry. For nearly circular 
orbits 9 these energies can be adequately determined knowing only the 
mean orbit altitude and the Solar Incidence Angle, Beta (#4). Verbally, 
_ 8 is the angle whose magnitude is the complement of the acute angle 
between the earth-sun direction and a normal to the satellite orbit 
plane. Since orbit altitude and the satellite orbit inclination angle 
are mission parameters which do not normally change for any given 
payload aystem, external orbital heat fluxes for that system then 

become only a function of the time and date of launch. 


Thermal window refers to the allowable range of Beta angles over which 
orbital temperature control of spacecraft equipment can be insured. 
Orbit plane regression due to earth, orbit, and sun geometry also 
causes Beta to change. For example, at inclination angles of 70° Beta 
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changes approximately 1° per day. For a given mission duration, the 
regression of Beta must be accounted for to determine the thermal 
launch window. Considering the following conditions - 
e Thermal Window, 30° > B > -30 

@ Satellite Orbit Inclination Angle, +70° 

@ Mission Duration, 5 days 

@ Launch, June 15 from VAFB 
the thermal Launch window would be 10° > B. > =30° and would correspond 
to a launch time (Pacific Standard Mme, PST) of 105) to 1412. To show 
the effect of date of launch, on December 15 the thermal Launch window 
would be 0930 to 1236 PST, 


Active versus Passive Thermal Control Passive control of the thermal 
behavior of a system and its camponents is attained wholly through 
geometrical design and the selection of materials with the requisite 
thermophysical properties. Neither power nor moving parts are 
euployed. Techniques for passive thermal control include use of - 

@ Materials with desired thermal radiation properties 

@ Geometrical design 

@ Materials with desired values of thermal conductivity 

© Utilising materiale as heat sinks : 
Active thermal control of a aysten and its scimonante is attained 
through a feedback control system, with temperature as the controlled 
variable. Generally, either power or moving parts are employed. 
Techniques for active thermal control include the use of: | 
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@ Thermostats and Heaters 

e Shutters to control variable “a/e devices 

e@ Fluid transport cooling systens 

e Variable thermal - resistance techniques 

@e Thermoelectric cooling 
Pasaive thermal control aystems have certain advantages over active 
aystens in regard to reliability. They enploy no moving parts or 
switches which may malfunction and generally require less weight. 
Active thermal control systenus can correct for environmentally induced 
alterations in the thermal behavior of a vehicle. Extremely accurate 
knowledge of thermal radiation characteristics is not mandatory for 
active systems as it is for passive; hence, successful operation of | 
a given vehicle is less likely to be jeopardised by the various factors 
of the prelaunch enviroment. In addition, active control can provide 
mich more precise control of temperature ‘than is possible with passive 


control, 


2.1.63 General Statement of Work 

The primary objective of thermal-control is to maintain satellite 
components ~ either mechanical or electrical ~ within temperature 
ranges which will insure satisfactory operation. This control mnst be 
provided during a variety of caviroments from component testing to 
launch countdown, and finally to orbital flight. Thermodynanic 
investigation of Vehicle 2355 was initiated 26 months before launch | 
and centered around these major items: 
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@ Recognisation of thermal-c ontrol problem areas 
e Internal thermal design of the radar payload 


@ Coordination between the Payload Associate Contractor and 
the Systems Associate Contractor 


© Determination of equipment temperature limits and duty cycles 
@ Environmental testing of components and systens 


@ Ordit analysis of the complete satellite vehicle with 
resulting temperature predictions 


@ Temperature control of primary batteries 

The radar payload is an adaption of an airborne system to a satellite. 
Since the airborne system used forced air cooling, it was capable of 

continuous operation even though the level of internal power dissipation 
was high. Most orbital temperature control schemes can not afford the 
luxury of an active control system nor can they add excessive weight to 
the equipment. Initial meetings between Lockheed and the Payload 
Associate Contractor resulted in guidelines being set which made 

passive tenperature control feasible. Significant guidelines were the 
establishment of temperature limits, duty cycle and thermal window. 


The normal method of specifying orbital temperature limits for space- 
craft equipment is to refer to the maximum and minimon allowable base 
Plate or mounting surface temperatures. For smali electronic equip- 
ment, where all internal components are mounted on the base plate and 
the remaining sides act only as a cover, this method is adequate. 
However, for equipment where sides other than the mounting base may be 
structural or component mounting surfaces, the method is inadequate 
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since it defines only the allowable temperature envirorment on one 
face of the equipment. Additionally, specifying only the base plate 
temperature enviroment, causes confusion during qualification testing, 
since the question arises as to the temperature enviroment of the 


remaining aides. 


Temperature limites imposed on payload components were urique in that 
they did not refer to equipment temperatures but rather were limite 

on the environment in which the equipment must operate. For example, 
the Transmitter-Modulator would have to operate in an environment that . 
was between O°F and +100°F - this meant that the surroundings with 
which all external surfaces of the transmitter exchanged thermal energy 
would be between O°F and *100°F. The equipment itself would be at 
least as warm as its surroundings with some internal components being 
hundreds of degrees hotter. Setting equipment temperature limits in 
this manner, in effect, provided the division of responsibilities 
between Lockheed ani the Payload Assoclate Contractor: the Associate 
Contractor would provide equipment capable of operating in a specific 
thermal enviroment while Lockheed would be required to provide the 
proper exviroment in the satellite. 


Mission parameters dictated that the payload aystem would have to be 
capable of at least 5 minntes of operation each orbit. The naximm 
duty cycle per orbit was set at 5 minutes of warm-up followed by 5-1/2 
minutes of combined pre-operate and operate. Paasive internal thermal 
design of the payload could be accompli shed with this relatively short 
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; duty cycle even though the internal power dissipation associated with 

| | the operate mode was in excess of 2 kilowatts. The design approach 
would be to store this thermal energy during operation, and then 
during the off cycle to provide for energy removal from the equipment 
to the spacecraft structure and eventually to outerapace. 


The initial thermal window determined for the satellite gave a Solar 
Incidence Angle (8) of 0*° > 8 > -30°. Considerations effecting 
the establishnent of this window were: 
e Its compatibility with a requirement for daylight recovery. 
@ The Agena vehicle had previously been analytically and flight 
qualified to operate within this external environment. 
@ Considering the | day duration of the mission, the launch 
“indow would be at least 3 hours wide. 
@ lncckheed Thermodynanics felt confident that, for this 
thermal window, passive thermal control would be adequate 
for all vehicle and payload equipment. _ 


2-1.6-4 Internal Thermal Design of the Radar Equipment 
Thermal design of the radar equipment was the responsibility of Goodyear 
hercapass Corporation. The following discussion of Goodyear's Thermal. 
Evaluation was abstracted from Section IV of the Goodyear Report. 


General ~ Thermal studies were conducted to determine the requirements for 
adequate environmental protection to the electronic equipment associated 
with the KP-II radar system. Analyses were also made to evaluate the 
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adequacy of the equipment to meet these requirensnts. The studies and 
analyses included a review of the basic thermal design philosophy, investi- 
gation of ascent heating conditions, orbital temperature studies, and a 
study of the thermal characteristics of the equipment during ground opera- 
tion. Unit design was based upon the requirements of satisfactory operation 
for three successive orbit duty cycles and five-minutes of operate per orbit — 
with the environmental conditions specified below, These temperatures are 
average temperatures which are applicable to the vehicle skin with which 
the units exchange thermal energy during orbit. 


Temperature Pressure | 

Range (F) Range (mm Hg) 

Units (other than Recorder) 0-100 107) to 107° 
Recorder 32-130 107 to 107 


Thermal Design Philosophy - The KP-II radar system was adapted from the AN/ 
— UPQ-102 (RF@),C) Doppler Radar which used internal forced air cooling. Use 
of forced air or similar active cooling systems in the KP-II system was 

not considered since thermal control of electronic equipment in space is 
most efficiently accomplished by passive means. The thermal design of the 
KP-II system was therefore based upon radiation thermal interchange which 
is the primary available modeof heat transfer. Thermal eas of the 
various units occurred by radiation to the vehicle skin. Components within 
ies units experienced thermal interchange with the unit walls and 
structure by radiation and conduction. | 


Space stable thermal coatings having desirable emittance characteristics 
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were used on the equipaent to obtain maximm thermal interchange. To 
assure high emissivities, black paint or black anodizing was used on the 
units which comprise the system. Care was taken in selecting paints which, 
by decomposition while in space, would not create a pressure savivonmnt in 
the equipment or vehicle. It should be noted that proper thermal treatment 
of the vehicle skin was also required for maximum thermal interchange 
between the ‘system units end the vehicle. Thermal analyses presented 
herein pre-supposed such vehicle thermal coating. 


_ 


The electronic equipment experienced transient heating and cooling condi- 
tions, with the maximum and minimum temperatures depending upon the 
particular orbit geanetry. Heat sinks were used in the equipment where 
local heating conditions of particularly temperature-sensitive components 
indicated the necessity. Foils and highly conductive silicon grease were 
used extensively to reduce thermal contact resistance in these applications. 


Method of Analysis - 
0 Radiation - Thermal analysis in many cases was based solely upon 


radiation thermal interchange (either to a unit case or to the 7 
vehicle skin). The following expression for radiation thermal 
balance was used: | 

Q™ OE Pohg (Tot - Tel) + (Wey), He 
nae | do 


(1) 


Q = Energy Rate (Btw/br) 
@ = Stefan-Boltzmann constant 
(0.171) x 107 Btu/hr ft degrees Rit) 
1 
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a 
* 
a 


emittance 


@ 


= radiation view factor 

= radiating area (f°) 

= weight (1b) 

= specific heat (Btu/lb degrees R) 


oS. eo 
i) 


= time (hr) | 
temperature of component ~ emitting (degrees R) 
tenperature of component - absorbing (degrees R)e 


3 
Q 
8 


ac | 
a 
a 


* Subscript "c® denotes properties of the component. 


For the steady state, Q can be expressed as: 
Q= EF Ag (Tot - 1,4). _ (2) 


Where T,, is the steady-state ese temperature, Equations 
(1) and (2) combine to form: 
aT 
EFeAe (Tat - tat) = oF ctor hy + ve. 
o EF Ae (Tes g) ™ CEQFeAg(T, ) + (W,), rr) (3) 
The variables T, and © can be readily separated and for a 
differential time interval, d@, Equation (3) becomes: 


— = oF cMehe ae, (y) 
(To. qT, ) (WO), 


With an initial component temperature T, and a temperature at 
time © of T, as limits, integration of Equation (h) yields: 





Lh EF eT, ® 
Toa 2 ) (wo, ), (5) 
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where 
? 7 T 1 
t(7—) = 2 tant =— )- In¢ ooo ‘1° (6) 


It is noted that, for analytical purposes, heating is assumed to 
be periodic each orbital cycle. For repetitive cycles the com- 
ponent temperatures, therefore, vary between T ol and T 50 at the 


beginning and end of the operate period, respectively. 


Equation (6) can then be written as: 


For Heating: 

oo. T hEFA @#T 0 

(£2) = ¢(—ch) + umole ¢% “00. (7) 
Too Too (WC), 

For Cooling: 


2) nw £(282) + Beate Ta EoFohow Top © OO (8) 
co «6=—s Fen c 
For heating, To is equal to the steady-state component tempera- 
ture found in Equation (2). For cooling, Too is essentially the 
skin temperature T,. The radiation paaeiss tee) for both 
cooling and heating is plotted in Figure 2.1.6.1. Temperatures 


To} and Tj. can be found by solving Equations (7) and (8). simil= 


taneously. 


o Conduction - Maximum temperatures of components mounted on large 
radiating heat sinks were found by assuming that all heat dissi- 
pation was conducted directly into the sink and from there 
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T ~ TEMPERATURE AT 
REFERENCE TIME + DEG R 
$ 


i] a 
Too ~ STABILIZED TEMPERATURE 
(AFTER INFINITE TIME) ~ DEG R | 


2 3 4 5 
f (T/Too) = 2 TAN! (T/Teo) = LN a] 





FIGURE 2.1.6.1 = RADIATION PARAMETER 
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radiated to an absorbing skin (vehicle or case). The sink temper- 
ature was then calculated by the method outlined above. ‘The 
temperature difference between the component and the radiator was 
found from: | 

Q* Ug» (T, - 7) (9) 
where U,_, is the surface conductance (in Btu/hr degrees R) 


between the components and the radiator. 


In other cases the maximum component temperature was obtained by 
assuming that all heat dissipated during the operating cycle was 
fully absorbed by the canponent thermal mass. This approach was 
used where the component had a fairly large mounting area and 
where the thermal contact resistance between the component and the 
radiating heat sink or mounting plate was small. Under these condi~ 
tions, the component temperature at the start of the operating cycle 
is essentially the sink temperature. Since the heat sink or base 
temperature can be found by considering the radiation thermal 
balance, a conservative value for maximum component temperature 
(T.9) can then be found from: | 

Q,@= (WO), (Top = Ta) « (20) 
where To, 18 the component temperature at the start of the 


operating cycle. 


Equipment Thermal Analysis - Detailed thermal malyses were conducted on 
each unit comprising the radar system to determine the unit thermal charac~ 
teristics while operating in a space environment. Studies were also made 
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on component parts and individual electronic modules to determine heating 
and cooling response in a vacuum. Experimental investigations of techniques 


to enhance thermal interchanze were also made. 


Results of the analyses conducted on the various mits are presented in 
Tables 2.1.6e1 throuzh 2.1.5.5. Maximum predicted orbital temperatures are 
given for high heat dissipating or temperature sensitive components. Unit 


average temperatures are also given. 


Results or the analyses and investigations indicate that in every instance 
the thermal design of the equipment was more than adequate to assure proper 
temperature control of all system components while operating in an orbiting 
vehicle. In each case riaximun expected component ieienehines were below 
acceptable specification limits. Furtiernore, temperatures given in the 
individual analyses are zenerally conservative and are based, for the nest 
part, on an average vehicle skin temperature of 100 dezrees ¥ (Recorder 
analyses were based on an averave vehicle skin canperetune of 130 decrees 
Fr). Results of the ee analyses conducted on the Agena vehicle by 
LHSC indicated that the averace vehicle skin tenperatures in the conical 
and barrel sections of the vehicle were found to be £0 degrees F ami 73 
deceeen sy respectively. Minimum temperatures were 67 aaacaee F and 39 


dezsrees F. Expected component temperatures can thus be reduced accordingly. 


The analyses were based upon operation during each consecutive orbit. 
Actual duty conditions were not this severe. Operation would not be re- 
quired for more than two consecutive orbits. In view of this act an 


additional margin of safety was indicated. 
1169 
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Results of the computer analysis further indicated that no thermal problem 

should be anticipated at the low temperatures encountered during the orbital 
| cycles. Minimum vehicle skin temperatures and unit temperatures would be 

sufficiently warm for reliable operation of all components used within the 


KPeII radar system. 


TABLE 2ele6el - SUMMARY OF ANALYSES: TRANSMITTER - MODULATOR 


T/M Signal. Component || calculated Maximm 


Number Maximum Allowable 
_ _ erature(° F) Lint (0 F) 
F 3h Klystron collector 52% | 572 
F 35 Klystron body 20 250 
F 36 Unit case 158 - 
- Pulse-forming network —-:16h 185 
- Power resistors 365 527 
F 37 Pulse transformer 159 185 
~ Thyratron 6386 752 





% See Figure 2.1.6.2. 


TABLE 2.10602 ~- SUMMARY OF ANALYSES: R-F/I-F UNIT 





Unit average temperature 102 7 = 

F 33  Transmit-receive tube 180 185 

FR Traveling wave tube 135 185 
1-170 
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TABLE 2.1.6.2 = SUMMARY OF ANALYSES: ReF/I-F UNIT (Continued) 





7" Signal Component “Calculated .Maximun — 
Number | Maximum Allowable 
Orbital Te Temperature 
erature(" F Fr) Limit (° F Limit (° F) 
F 32 Frequency multiplier 116 Wg 


- RE75 power resistors 278 oO 


TABLE 201.503 ~ SUMIARY OF ANALYSES: REFERENCE COMPUTER 


T/HM Signal Component , Calculated Maximum 
Number Maximum Allowable 


Orbital Temp- Temperature 
erature(° ¥) Limit (° F) 


F 27 ‘Unit case 110 - 

ow Printed circuit board 123 . a 
{heat density - 20 watts/ft°) 

F 22 Video amplifier > 173 212 

F 23 Gate sequencer 165 212 





TABLE 2ele6e = SUMMARY OF ANALYSES: CONTROL UNIT 





T/T Signal Coimonent | ~ Calculated — Maximum 
lumber  aximun Allowable 
Orbital Temp- Temperature 
erature(° F Limit (° F) 
F 20 _ Power supply | | 165 | - | 
- Sransformer (-23.5 VDC) | 1 185 
F 21 Unit case 130 - - 
1-171 
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TABLE 201.665 - SUMMARY OF ANALYSES: RECORDER UNIT 


Number Maximum | Allowable 
| Orbital Tempera 
erature (° r) Limit c r) 

F 30 Unit case 13) - 
F 28 Deflection amplifier _ 

(Heat sink) 175 ™ 

(Power transistors ) 213 257 

F 29 High voltage power supply Us 185 

201, 300 


eo Drive motors 





Ground Operation = Thermal design of the units comprising the KP=II radar 

system was based upon operational cycling in a space enviroment with a 
comparatively short duty period per cycle. Thermal conditions encountered . 
during ground operation or bench testing for periods which exceeded the 
normal space duty cycle were therefore considered. 


Analytical studies were conducted to determine the time period that each of 
the KP-II system units could be operated during testing or other ground 
operations without exceeding the component design teuperature limits. The 
analyses were based — operation at full design power levels in the | 
"puttoned-up" condition, Heat transfer was assumed to be accomplished by 
radiation and by free or forced-eir cooling. The analyses showed that the 
Recorder, Reference Computer, Control and R-F/I-F units could be operated 
continuously in a laboratory environment using only naturel radiation and 
free-convection cooling, without exceeding temperature design limits. 
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1 ~ COLLECTOR 
| 2 ~ JUNCTION OF COPPER AND 
~— ALUMINUM FINS 


eee 3 ~ ROOT OF ALUMINUM FINS 
aa) 4 ~ RADIATOR | 


POWER ON 
(600 WATTS) 





0 ~TIME ~ MINUTES 


FIGURE 2.10602 ~- KLYSTRON COLLECTOR AND HEAT SINK TEMPERATURES VS. TIME 
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Analysis of thermal conditions encountered during ground operation of the 
Transmitter-Modulator Unit indicated, howewr, that radiation and free- 
convection heat transfer would not be adequate to maintain critical componsnt 
temperatures below design limits. Studies showed that the klystron tube and 
several pulse components would exceed acceptable temperature limits if 
operated continuously without additional cooling protection. 


As a result of the analytical studies, a duplex squirrel. cage blower was 
added as a part of the unit test apparatus. Forced-air cooling was there- 
fore provided for the klystram ad pulse components. A side cover on the 
unit was removed for cooling access to the pulse components. | 


Furthermore, analyses showed that cooling air supplied to the vehicle on 

the launch pad (40 to 60 degrees F air temperature) was adequate to maintain 
the equipment to an acceptable temperature level while operating during 
ground checkout. | 
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221.625 IMSC Preliminary Thermal Design 
Thermodynamic capabilities of satellites are strong functions of the 
location and temperature limits of equipment they are made to carry. 
If all equipment temperature limits were -30 to +165°F, then the vast 
majority of satellites conld be provided with passive temperature contro] 


Without having thermal window restrictions. On the other hand, with 


present equipment temperature limits (including primary batteries) P 
if equ) pment, locations are allowed to be specified by thermodynamic 


personnel, then most thermal window restrictions would also be removed. 


This point can best be shown by considering that at least 75% of the 
thermal window restrictions imposed on Agena vehicles are required 
because the primary batteries are in the worst possible location 
within the Agena forward equipment rack. The point of this discussion 
is that one of the most important aspects of thermal design is inter~ 
facing with other design areas to insure that teaperature-critical 
equipment is located in thermally preferred locations. However, it is 
recognized that equipment locations can not be based solely on thermo- 
dynamic criteria but must consider these requirements with both 
structural and electrical interface requirements. 


Preliminary thermal design and analysis of Vehicle 2355 was accomplished 
during the structural design phase, Equipment locations within the 
various vehicle and payload equipment compartments were approved based 
on the existing thermal design window. Considering the nature of the 
external heat fluxes that would fall on the satellite, the resulting 
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equipment space allocations were nearly ideal. Additionally, a 
preliminary analysis considering payload parameters such as internal 
power dissipation and weight, demonstrated that eseaive thermal control 
could provide a temperature enviroment that was compatible with the 
thermal design of radar equipment. 


Preliminary ascent phase heapebatans predictions were made in support 
of structural design. The analysis included the effects of vehicle 
dynamics (angle of attack during the dogleg maneuver) and provided 
circumferential temperature distributions on both payload and vehicle 
sections. The effects of vehicle dynamics on aerodynamic heat transfer 
to the vehicle was included by applying to the sero angle of attack 
heat rates an empirical factor, equal to the ratio of the heat rate 

at angle of attack to the heat rate at sero angle of attack. This 
factor was obtained from data that was not strictly applicable to 
ascent phase convective heating of Satellite Systens vehicles; however, 
this analytical techniques had been shown to be conservative on other 
satellite programs using similar trajectories. A separate ascent heat~ 
ing analysis was made for the magnesium feiring covering the radar 
antenna to aid in thermal simulation for the fairing separation test. 


Potential problem components like the Lear Slegler power supply, 

primary batteries and radar antenna were reviewed during the early 

devel opment of Vehicle 2355. fo accomodate the high internal power 
dissipation of the power supply, its external surfaces were coated with | 
a high emittance paint. Flush mounting in a favorable location within 
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the cylindrical payload equ pment compartment also minimised the | 
weight of the power supply's heat-sink base plate. These measures were 
intended to minimise the resistance to heat transfer between the Lear 
Siegler power supply and its spacecraft enviroment. Thermal analysis 
of the batteries and the antenna will be described in Para. 2.1.67. 


In addition to equipment temperature instrumentation, four sensors were 
added to moniter structural temperatures in the conical and cylinderical 


‘Payload equipment compartments. Sensors were intended to give both 


design and diagnostic data during orbital flight. This instrumentation 
would augment payload instrumentation and would be used to verify the 
thermal envirorment that the spacecraft structure provided for radar 
equi pment. 


2010606 Qualification Testing of the Redar Equipment 
Many qualification test procedures do not adequately subject equipment 


to the thermal enviroment that they are expposed to operate within. 
Reasons for this ares 

® Thermal testing is performed in an air atmosphere where 
internal component temperatures are strongly influenced by 
free convection heat transfer. 

@ Equipment temperatures are not allowed to stabilize before 
operational tests are performed. this refers to the amount 
of time equipment is allowed to "soak" within the test 
chamber. | 

@ The temperature enviroment of only a small portion of the 


1-177 


SECRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE | 7 
DECLASSIFIED BY: CNART ACOL,306 


DECLASSIFIED ON: 9 JULY 2012 SEPDET SPEC] AL H ANDLIN G 


equipment (mounting base) is controlled. 
The objective of qualification testing of the radar equipment was to» 
demonstrate the equipment's ability to function within the thermal 
environment (temperature limits and duty cycles) that had been used 
as design criteria. Testing of individual boxes was performed in 
fockheed's High Altitede Thermal Simulation (HATS) Chanber. Thermally 
instrumented boxes were mounted on a temperature controllable plate in 
a manner that sinmnlated the satellite mounting configuration. This 
plate was placed in the HATS chanber whose wall temperatures could also 
be controlled. After evacuation of the chamber, the walls and mounting — 
plate temperatures were controlled to one end of the equipment's 
enviromental temperature linits. Internal and external thermal 
instrumentation was used to determine when the equipment had stabilised 
at the chamber temperature. This stabilisation was assimed when all 
instrumentation indicated temperatures that were within S*°F of the 
chamber temperature. Depending on the weight density of the equipment, 
stabilisation required from |; to 11 hours. 


When the equipment's temperature stabilised, it was operated at 
maximum duty cycle for 3 consecutive simulated orbite. The sane 
operational test was performed at both ends of the equipments temper 
ature limits. All of the Payload Associate Contractor's equipment was 
tested in this manner and there were no equipment malfunctions that 
were attributable to adverse temperature levels. 
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Qualification testing actually subjected equipment to a duty cycle which 
was significantly greater than that programmed for orbital flight. 
During the test equipment was placed in the operate mode a total of 

15 minutes in 3 ee While orbital operation required oniy 30 minutes 
of the operate mode in 80 hours, 


<.1-(.7 Final Spacecraft Thermal Design 

The preceding discussions focused attention on the design and testing | 
of equipment and on the importance of equipment location with a 
Satellite. The next step was to identify the specific nature of the 
orbit environment, provide the methods for predicting its effects, 

and then generate a passive enviromental control system to maintain 
the required limits of the internal environment as demanded by payload 
and vehicle equipment. The succeeding paragraphs will discuss the 
nature of the various environments, indicate the complexity of the 
attendant problem areas, and describe some of the unique approaches 
used in obtaining passive thermal control for Vehicle 2355. These 


_ discussions are not intended to be technically complete but only to 


indicate Lockheed's approach to the temperature contro] problem. 


Basic Concepts | 
Except for periods of exit and entry through the earth's atmosphere, . 


an earth satellite operates in an environment of such low pressure that 
thermal radiation is the predominant mode of heat transfer between the 
vehicle and its surroundings. The source-vehicle geometry causes this 
radiation to fall into three general categories: 
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® RadLatdon from the sun. 
@ [Emission of radiation by the earth and its atmosphere. 
e Reflection by the earth of radiation from the sun. 


The geometry of the vehicle and its relation to these energy sources 
(generally varying with time) determine the magnitude of the total 
irradiation, Radiation characteristics of the external surfaces 
determine the absorbed energy and affect the reradiation from the 
vehicle surfaces. These factors - the absorbed energy and reradiation, 
together with internal conduction, radiation and power dissipation 
effects - determine the temperature boundary conditions upon which the 
internal thermal control is based. 


Regardless of the degree of internal temperature control required, the 
internal design controls the choice of “external surface" finishes 
for the vehicle ("paint pattern"). Stable finishes, for which the 
radiation characteristics and the effect of prolonged exposure to the 
enviroment on these characteristics are known, must be used. The 
function of internal thermal design can be simply stated, "It is 
required to dissipate power on the average through some heat~flow 
path to a sink at some temperature while maintaining the power 
generating units and other components within a given temperature | 
range". Although it is feasible in some oases to use power as a means 
of control, it is generally required that the heat-flow path and the 
sink temperature be passively controlled to yield the required 
temperature regulation. 
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The thermal analysis problem in a satellite is typified by the aysten 


shown in Figure 2.1.6.3. The basic elesents of thermal capacity, 
heat-transfer paths, and external radiating surfaces are shown together 
with the analogons electrical circuit. The solution for such a circuit 
is relatively simple. However, a Space vehicle must be represented by 
many such aystems, all interconnected to form a Single network or 
"Thermal Model". Discrete equipment or structural itens in these | 
networks are referred to as "Nodes" and are assumed to be a und form 
temperature. Each node has an associated Value of thermal capacity, 
and many have a time-dependent electrical power dissipation. The 
radiant interchange of the skin with internal equipment and structure 
mast also be accounted for. Solation to the equations describing 

these networks must be obtained through use of digital computers. 
Thermal Analyser Network programs have been developed at Lockheed as 

a means of solving such problems, 


is of Payload and Agens i rtment 

Vehicle 2355 had five basic equipment compartments as shown in Figure 
Zele6eol, The standard method of analysis is to determine external 
Paint patterns and make temperature predictions for the individual | 
equipment compartments. The use of this technique is often justified 
Since it mininises both computer time and complexity of the analytical 
thernal models however, temperature predictions are often strongly 
influenced by the boundary condition assumptions. For example, during 
analysis of a short equipment rack like the BIL guidance reck, it would 
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be necessary to assume enviromental temperatures for both the Agena 

forward rack and the cylindrical payload section. For this case, the 

assumed temperatures would represent over 60% of the boundary tesper- 

atures of the equipment compartment. In using this technique of separate 
- equipment compartment analysis, it is necessary to exercise great care 

in establishing boundary temperatures. Prolixinary thermal analyses 

for Vehicle 2355 used this separated rack technique. 


As a result of a nmber of battery failures on Agena Vehicle during 
196, thermal design criteria for Vehicle 2355 primary batteries was 
substantially restricted in Novesber, 196). These restrictions, 
especially narrowing of battery temperature limits, made it clear that 
the inherent inaccuracies in separated rack thermal analysis could not 
be tolerated. The recently developed thermal model of the ST 
Agena forward equipment rack, including the main propellant tanks, 
was felt to be the "best" model available of that section. This 
model was modified to the Vehicle 2355 configaration and combined with | 
the existing models of the BTL guidance and payload equipment racks. 
The interaction between the various equipment compartments could now 
be accurately calculated since the thermal model included all sections 
of the vehicle from Station 1)).0 to 36h.0. 


The complexity of this combined model can best be demonstrated vy 
conaidering the following network parameters: 

Equipment and stracture within the equipment compartments 

were divided into 968 discrete elements or "nodes". To account 
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for heat transfer between the various nodes it was necessary 
to describe 5,377 radiation resistances and 1,715 conduction 
eealstaien: To solve this network on & computer, the exist~ 
ing thermal network analysed program had to be streamlined to 
make available additional storage, 


These parameters describing network aise are cited only because it is 
felt they represent a "State-of-the-Art" advancement in both spacecraft 
thermal analysis and thermal network analysis computer programs. 


Batte tery Thermal ir Aol 
Vehicle 2355 carried three primary batteries of the 1-D Type. As 


shown in Figure 2.1.6.5, one battery was mounted in the Qylindrical 
Payload Equipment Compartnent with the other two batteries being 
mounted in the standard location in an Agena Forward Equipment Rack. 
‘The extensive thermodynamic analysis of these battery installations 
fall into three categories: 

e The First Analysis used internal power dissipations of 
1.0 to 3.5 watts per battery over an operational tenperature 
range of +55°F to +130°F. 

@ The Second Analysis conszidered internal power dissipation 
up to 1) watts per battery over an operational temperature 
range of +55°F to #130°F. 

© The Final Analysis considered internal power dissipations 

up to 35 watts per battery over an operational temperature 
range of #60°F to +100°F. | 
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a) One battery located in cylindrical payload eaiicacaeit compartment 
SATTERY “/ 


P/L *3 


‘Sta. 228.0 





Sta. 194.0 





Section A - A Web only 
View Looking Fd At Sta. 228.0 


_ b) Two batteries located in Agena forward equipment rack 





ste. 287.5 om, 217.0 


View Looking Aft At Ste. 247.0 
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In all of these analyses, the thermodynamic design considered average 
internal power losses per battery only to center the expected operational 
temperatures within the allowable temperature range. Temperature 
predictions were then made with internal power dissipation as a | 
variable. In each case, the thermal design allowed the batteries - 
operate within temperature limits even though their internal power 
dissipation night vary significantly from what was expected for an 

equal load sharing condition. 


Orbital temperature limit requirements for the first analysis could be 
met passively by providing maximum thermal isolation between the batteries 
a their equipment compartments and by using the internal battery 
power losses to control battery temperatures. This isolation scheme 
places phenolic fiberglas pads between batteries and their mounting 
structure and covered the batteries with a radiation shield. Figure 
2.1.6.6 presents typical battery temperature predictions for the first 
analysis. Slopes of this equilibrium battery temperature versus power 
dissipation curve were need to obtain the dependence of temperature 
upon power dissipation. Yor example, a one-watt change in power 
dissipation would result in approximately a 20°F change in the 
predicted payload rack battery temperature. It is noteworthy that 

this dependence of temperature upon internal power dissipation was an 
order of magnitude higher for the payload battery than it was for most 
other vehicle and payload equipaent. This high dependence resulted 
aince the temperature control scheme required thermal isolation between 
the batteries and their surroundings. 
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Since primary battery power losses were apparently not accurately 
known and this parameter was critical for battery temperature control ; 
an activated 1-D battery was included in the TASC test of the 2355 FIv. 


The test was accomplished by installing a 1-D battery in the payload 
equipment rack using the flight item battery brackets. A flight 
hardware battery radiation shield was also installed during this test. 
Battery voltage leads were brought outalde the TASC facility to an 
external load where orbital power requirements were simulated by using 
three levels of current draine=2 amps for transit, 8 ope for 12 to 20 
minutes during active orbits, and 50 amps for the programmed payload on 
time. Thies loading profile resulted in an average current of 2.8 amps. 
During 30 hours of testing, battery temperatures rose from 7h°F to 
116*°F. The internal power dissipation required for this temperature 
response was calculated to be Li watte. | 


This experimentally determined battery dissipation wae six tines 
greater than the estimated internal power losses used as thermal 
design criteria. It is noteworthy that a low power dissipation of 

1.5 to 2.0 watts per battery had traditionally been used in the thermal 
analysis of Agena vehicles. These estimated levels of dissipation had 
been provided by SS/C personnel associated with each project. 
Additionally, all environmental tests on equipment compartments had 
used external power and batteries, although installed, were never 
operated under an electrical load. | 
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Analysis of battery failures during recent flights had show that 
there could be unequal load sharing by batteries during orbit flight 
and that this condition was aggravated by having different thermal 
enviroments for the batteries. Additionally, the flight failures 
| Occurred at temperatures below 130°F but above 100°F, The knowledge 
of primary batteries of the Type 1-D and 1-C, although greatly increased 
before the launching of Vehicle 2355, was stil) far from complete. The 
following was known about the Type 1-D battery and other primary 
batteries: | | 
@ Temperature limite specified by the battery manufacturer 
were +30°F to +100°F. | 
e Voltage regulatdon data on the Type 1-D battery showed 
‘that battery teaperatures would have to be above 60°F to 
provide radar payload power requirements while maintain- 
ing the vehicle BUSS above 22.0 volts. 
e Recent heat dissipation test on both 1-C and 1-D batteries 
had shown that internal power losses were approximately 
3.5 watts per amp of discharge. | 
© During the simlated flight operation of 2356 in the 
Anechoic Chamber, the average amperage load was 8.5 
for the total vehicle and payload. 


On 19 November 196, the following proposal for battery thermal 
design on Vehicle 2355 was outlined to the Project Offices 
Considering battery temperature limits as +60°F to +100°F, 
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the battery temperature control scheme should be redeal gned 
to accommodate unequal load distribution and algo to provide an 
identical thermal environment for the two different battery 


locations. 


These objectives were met by a narrowing of the launch window and by 
a redesign of the vehicle and payload external paint pattern. The 
resulting thermal window was -21° < gp < 13°, | 


Figure 2.1.6.7 presents the final battery iemeeturs predictions. 
Dependence of battery temperature on its om internal power dissipation 
hed been reduced by minimising the thermal resistance between the _ 
batteries and their satellite enviroment. As can be calculated from 
the equilibrium temperature predictions, this dependence was now only 
0.9°F per watt whereas it was 20°F per watt for the first battery 


thermal analysis. 


Battery thermal design for Vehicle 2355 had compensated for the 

apparent unknown battery performance data by a design and analysis 

which allowed for unequal battery load sharing without having 

battery temperatures above 100°F or below 60°F. The deaign techni que 
was to minimise the dependence of battery temperatures on their 

own internal tosses. Analytical techniques removed nearly all the 
uncertainties associated with spacecraft temperature control by 1) 
demanding near perfect optical properties for thermal control surfaces a 
and 2) by use of a mathematical model which accurately accounts for the 
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NOTES: 1) TOTAL POWER DISSIPATION FOR THE 
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30 WATTS, 
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exchange of thermal energy between al] sections of the vehicle. The 
penalty paid for this conservative approach was a launch window 


restriction. 


Thermal Analysis of Radar Antenna 


Requirements for dimensional stability of the antenna made it necessary 
to impose the following operational temperature oriterta: 
e Waveguide temperature levels had to be between 0°F and 
+90°F. | 
e@ Temperature gradients across the waveguide (measured 
perpendicular to the antenna plane) could not exceed 
2.0°F per inch. 
@ Temperature gradients in the supporting longitudinal side 
beams (LSB) could not exceed 0.5°F per inch. 


These striengent orbital requirements were met by 1) integrating the 
thermal analyses of both the antenna and the vehicle, 2) specifying 
acceptable thermal control surfaces for the entire antenna structure, 
and 3) providing uni form vehicle surface temperatures underneath the 
ante@na. The antenna's influence on the thermal performance of the 
vehicle was found to be negligible since it covered only V/9 of 
external vehicle surfaces and also was a relatively open structure. 


The surface selected for controlling temperature levels of the 
antenna waveguides was a non-leafing aluminum lacquer. This thernal | 
control surface provided acceptable orbit average temperatures due to 
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ite low value of “s and € (“s/e_ = “ll/’ 8). Temperature 
gradients, induced by non-uniform heating due to direct and reflected 
solar energy, were reduced to acceptable levels by covering portions 
of the LSB with an adhesive-backed aluminum tape which would absorb 
only 12 percent of the ineident solar energy. 
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2.1.6.8 Environmental Testing of Flight Payload 
Test objectives, configuration, instrumentation, and procedures which were 
| necessary to produce the satisfactory high altitude and temperature simu- 
| lation for the 2355 Payload are briefly discussed in this section. FEvalua- 
tion of test results is also presented. Objectives of this testing were, 
1) to subject the radar payload and associated equipment to simulated orbital 
thermal enviroments at high altitude, 2) to experimentally determine the 
operating temperature levels of thermally oritical components, and 3) to 
determine the validity of temperature predictions by comparing predictions 
with results of environmental test. 


The facility used for these tests was Lockheed's Thermal/Altitude Similation 
Chamber (TASC) which isa high vacuum chamber using a sink/source technique 
for external heat flux simulation. The Paaintion heat transfer sink is the 
liquid nitrogen filled internal chamber walls which average a temperature 

of -300°F. Sources for external heat fluxes are quarts lamps arranged on a 
"birdcage" structure which is suspended 64 inches fran the test specimen, 
The TASC facility was designed to accommodate 60 inch diameter cylindrical — 
sections up to 9 feet in length plus conical sections having 15 degree half-~ 
cone angles and up to 6 feet in length. The spectral energy distribution | 
available at the specimen surfaces is in the infrared spectrum and can have 
intensities up to 185 watts per square foot (1.5 timés the intensity of the 


sun's radiant energy). 


The 2355 flight payload, including the recovery capsule and the conical and 
cylindrical payload equipment compartments, was the test specimen. Flight 
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thermal control surfaces had been applied to the external equipment compart- 
ment surfaces. A radiation shield, attached to the aft end of the payload 
(Station 228.0), was used to minimize heat transfer ganas this boundary. 
Thermal instrumentation consisted of 8 thermocouples connected to | 
continuous recorders. Thermocouple Locations coincided as much as possible 
with the node center designations of the thermal network used to predict 


payload temperatures. 


Lamps comprising the external heat flux simulator are divided into 12 peri- 
pheral and 2 end zones with each zone having independent voltage control. 
Orbital simulation was achieved by specifying a voltage program for these 
zones which duplicated the absorbed orbital heat flux on the payload. Heat 
fluxes absorbed by the payload in the test chamber were dependent on, 

1) the mean spectral emittance of the payload surface finishes, 2) the 
spectral radiance of the quarts lampe for a given voltage setting, and 

3) the geometric relationship of the simulator-payload configuration. 

Items 1) and 2) were determined in IMSC's Thermophysics Lab. Item 3) was 
determined using previous TASC similator calibration test data. 


TASC environmental testing of the 2355 payload simulated the conditions 
existing in an orbit whose Beta angle equals +30° since this similated 
orbit provided the hottest environment for the 1-D battery, the Transmitter- 
Modulator, and the Recorder unit. Both dynamic and orbit average voltage 
programs were analytically developed for the heat flux simulator. During 
the initial TASC test, accurate external heat flux simulation could not be 
achieved using these analytically developed voltage programa. The analysis 
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which generated the thermal control surface requirements for the payload as 
well as the techniques which result in a voltage program for the simulator 
were checked and found to be correct. Calibration data for incident flux 
on the payload versus lamp voltage was suspected of being inaccurate. This 
suspicion was verified by installing heat flux calorimeters on the external 
payload skins during subsequent TASC testing. It is noteworthy that 
although this inaccurate calibration data resulted in nearly 150 percent of 
the calculated incident energy on the test specinen, it had ne been 
used many times for TASC Eesiine of other payloads. 


Lamp tenis for the orbit average program were ratioed down by a factor 
of 0.8 and used during all but the first TASC test of the 2355 payload. It 
is unfortunate that time varying or dynamic external heat flux simulation 
could not be accomplished since temp data taken from this type of simla~ 
tion could have been used to better verify the validity of analytical 
temperature predictions. The modified orbit average voltage program did 
provide adequate simulation with an average difference between predicted 
and actual temperatures of less than S°F and a maximum deviation of 15°F, 


From a thermodynamic viewpoint, the most significant result of the TASC 
environmental testing was the determination of internal power dissipation 
for type l-D batteries. Accurate knowledge of this power dissipation was 
instrumental in determining the successful battery temperature control 
scheme for orbital flight of Vehicle 2355. 


2.1.6.9 Special Considerations 
This section presents a discussion of unique temperature control. 


-SeeRET SPECIAL HANDLIN'C 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE | : 
DECLASSIFIED BY: CHART ACOL,306 


DECLASSIFIED ON: 9 JULY 2012 SFERET SPEC] AL HANDLI N G 


considerations and problems encountered during the thermal design of 
Vehicle 2355. 


Analysis Verification Structural design is verified by 
qualification testing on structurel mockups or substantiated by low level 
testing of flight hardware. Electronic design is verified almost continu- 
ously from systems test to launch countdown. Unlike these and other engin- 
eering disciplines, the thermodynamics design of a satellite does not usually 
receive experimental verification before the actual orbital flight. Hence, 
the analysis resulting in the thermal design should be meticulously checked 


and/or be overly conservative in ite design approach. 


The narrow temperature limits on Vehicle 2355 batteries left no room for a 
conservative design approach and it was necessary to subject the analysis, 
which resulted in the passive temperature control of the entire spacecraft, 
to extensive checking. Odjectives of this checking were $ | 
@ To substantiate the validity of thermal design driteria such as 
power dissipation, temperature limits and thermal capacity. 
@ To verify that the thermal model adequately described the space- 
craft. | 
@ To verify the accuracy of calculated paraneters such as 1) heat 
transfer coefficients for radiation and conduction and 2) external 
heat fluxes incident on the spacecraft from the sun and earth. 


The majority of this checking was accomplished after completion, on 30 
November 196), of the final orbital thermal analysis and resulting external 
paint pattern. for Vehicle 2355. 
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A review of thermal design criteria such as equipment power dissipation and 


temperature limits revealed no anomalies between this criteria and actual 


test or design specification data. Of greatest importance was the internal 
power dissipation of the Type 1-D batteries and this had been assumed to be 
a total of 30 watts. Additionally, it was assumed that battery temperatures 
would respond to their average internal power losses and would not be signi- 
ficantly influenced by the higher dissipations during payload operation. 
These assumptions could be substantiated by considering that, 1) during the 
testing of 2356 in the Anechoic Chamber, the amperage load for the entire 
spacecraft averaged 8.5 amps for 6) orbits of simlated flight, 2) heat 
dissipation test on the Type 1-D and similar batteries (Type 1-C) had sficuas 
that internal power losses were approximately 3.5 watts per amp of discharge, 
and 3) during both Anechoic and TASC testing, the high thermal capacity of 
the Type 1-D battery was sufficient to damp out the effects of high internal 


power dissipation during payload operation. 


It was not feasible to check all the network parameters comprising the 
system thermal model of Vehicle 2355 equipment compartments. Instead, the 
temperature predictions of this model were canpared against other prediction 
techniques. The validity of the portion of the thermal model describing the 
payload equipnent compartaents had been adequately demonstrated during the 
TASC environmental testing. Validity of the Agena forward equipment rack 
portion of the model was substantiated in the following manner : 

An existing thermal model of the Agena rack used for thermal 

analysis of Progran 2h)1 Vehicles was modified to the Vehicle 

2355 configuration. Considering the time available, these 
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modifications could only be partial but did include changing the 
network parameters describing external paint nattern, battery 
installation, and equipment power dissipation. External heat 
fluxes from the sun and earth were recalculated and programmed 
into this check model. Differences between predicted equip- 
ment temperatures from the two models averaged less than Sor and | ! 
were well within the allowable uncertainties associated with — 
this type of spacecraft thermal analysis. Battery temperature 
predictions from these two independent analyses were less than 
6°F apart. 

Internal equipment temperatures are strongly influenced by the orbit 

average skin temperatures of a spacecraft. The final method of substan- | 3 

tiating the validity of Vehicle 2355 equipment temperature predictions : 

was, therefore, to independently evaluate these skin temperatures. <A 

relatively simple thermal model, including all external skin structure 

from stations 1),), to 38) was analytically constructed. Node breakdown of 

the external skin was identical to the breakdown in the complete systems 

model. External radiation heat transfer and condaction between the various 

skin elements was accurately calculated. For simplicity, internal equipment 

power dissipation and heat transfer had to be accounted for in an approxi- 

mate method. External heat inpats were also recalculated. Orbit average 

skin temperature predictions sonwpated by this simple model agreed very 

favorably with predictions from the complete systems models The maximum 

deviation between predictions for individual skin elements cas less than 
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1O°F and differences in the average skin temperature in each equipment 
compartment did not exceed °F, This simple thermal model had demonstrated 
that no gross errors had been made in evaluating external heat inputs and 


that the larger systems thermal model did not violate the law of conserva- 


tion of thermal energy. 


Verification of the orbital thermal design of Vehicle 2355 was far more 


complete than it had been for other IMSC designed satellites. The value 


of this verification can best be shown by considering the resulting success- 


ful battery temperature control during orbital flight. These techniques of 


_ verification by constructing a simple model of the skin structure and by 


correlation of predictions against similar equipment compartment thermal 
models have now become a standard technique in the LMSC Thermodynamics | 


organization, 


External Paint Pattern The 60°F lower temperature limit of the 
Type 1-D batteries made it necessary to develop a paint pattern which would 
maintain a relatively high mean skin temperature even though Vehicle 2355 | 
would spend up to 0 percent of the orbit in the earth's shadow. This was 


| accomplished by, 1) using a black paint on portions of the vehicle (+ Z 


axis) which received direct or reflected solar energy and, 2) placing 
adhesive-backed aluminum tape (Mystik Tape) on sections of the vehicle 
(* ¥ axis) receiving Little external energy from the sun and earth. Nominal 


optical properties of these thermal control surfaces are shown below: 


16202 


“SEEREF SPECIAL HANDLI 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE | | 
DECLASSIFIED BY: CNART ACOl306 


DECLASSIFIED ON: 9 JULY 2012 _SEpper SPEC] AL +H AN D [| N G 





Surface Solar Absorptivity Infrared Emittance 
| — a , | € 
Black Lacquer : 093 88 
LAC 37-4033, Class II 
Aluminum Tape 012 Ol, 
EAC 2h-199 | 


Of the 225 sq. ft. of external skin area enclosing the forward equipment 
compartment of Vehicle 2355 (Station 287.0 to 140.0), 10) sq. ft. were : 
covered with Mystik tape. This tape had been used externally on other 
LMSC vehicles but had never comprised more than a few percent of the total 
thermal control surface area. Mystik tape has three basic limitations: 
- @~—s« The design specification for the tape states that it may be used. 
externally in areas where ascent temperatures do not exceed 
T50°F. However, due to outgassing of the adhesive, it will rise 
from a surface whose temperature is only 300°F. This fact was | 
first discovered two weeks before the launching of Vehicle 236%, 
@ Incorrect removal of the backing from the tape can increase its 
solar absorptivity by 100 percent. | | 
@ Being a highly polished aluminum surface, it is susceptible to — 
optical degradation caused by inadequate protection or handling. 


In light of these limitations, it would not seem wise to use Mystik Tape 
as a thermal control surface: however, its optical properties make it one 
of the most useful thermal control surfaces available to the designer, 


The following paragraphs describe the manner in which Mystik Tape was 
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successfully used on Vehicle 2355, 


With the exception of the conical equipment compartment, Mystik Tape was 
only used on removable panel sections, Width of the tape varied from 2 to 
6 inches and it was tucked around all edges of the panels. Additionally, 
tape was overlapped approximately 4 inch. These measures were intended to 
minimize the free edges of the tape and thereby reduce the possibility of 
aerodynamic shear loads removing the tape during the ascent phase of flight. 
On the conical equipment compartment, tape had to be used on sections where 
there were no removable panels. The design approach was to overlap 6 inch 
wide tape and Sate a stainless steel strap over the leading edges. Since 
the greatest angle of attack and associated high aerodynamic heat loads 
occurred on the +Y axis the tape was overlapped from this axis in a manner 
that simuleted shingles on a roof, 


A technician at VAFB, after applying tape to one of Vehicle 2355's removable 
panels, placed the panel under a nearby heat lamp and noticed that the tape 
began to "blister". Similar qualitative tests at Sunnyvale showed that the 
tape would lift off its mounting surface at moderately low temperatures. 
When blisters became large enough to reach a free edge of the tape they 
would collapse. Upon cooling, a blister would disappear and the tape would 
re~attach itself to the surface. These phenomena had not previously been 
noted or suspected since the adhesive properties of the tape were quoted 

to be adequate up to 750 Fe Test presently being conducted in Lockheed 's 
Thermophysics Lab shows that Mystik Tape will remove itself ‘from surfaces 


whose temperatures are as low as 300°F, This has been explained by 
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concluding that outgassing of the tapes adhesive can cause pressure differ- 
ences large enough to lift or blister the tape. Additional tests are 
planned and will undoubtedly result in the recommendation being made that 
if Mystik Tape is exposed to ascent heating and aerodynamic shear loads, it 
should be tucked around all leading edges or be mechanically held against 
the surface. 


Although Mystik Tape had been used for two years, it was not determined 
until early 196 that the method of removing the backing from the tape 

could have a significant effect on the ultimate optical properties of this 
thermal control surface. This fact was first discovered on 
where Mystik Tape, installed on the Agena aft rack, was so badly degraded 
due to the method of application that the resulting orbital temperatures 
actually caused the failure of a solar array drive motor. Recently a 
Lockheed Process Bulletin (PB-105) was written on the application of Mystik 
tape which, if followed, reduces the possibility of installetion procedures 
causing degradation of optical surface properties. When this type of 
degradation does ocour, its main effect is to increase the solar absorptivity 
of the aluminum surface. Degradation often becomes visible to the eye and 
shows itself as a dulling of the surface caused by a stretching or wrinkling 
of the aluminum. 


Visual inspection of Vehicle 2355's thermal control surfaces at VAFB, 
showed that all Mystik taped surfaces were either physically damaged or 
had been improperly applied. Since much of this tape had been installed 
eleven months before flight, its degradation was anticipated and replace- 
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ment (as required) had been planned. With the exception of the aft rack 
surfaces, all areas covered with Mystik tape were stripped and new tape 
installed. Aft rack surfaces were not replaced, since an analysis had 
shown that all aft rack equipment would operate within allowable temperature 
limite even if the Mystik taped surfaces were degraded. After replacement 
of the taped surfaces P an optical inspection was made of all external 
thermal control surfaces on the forward equipment compartments, The device 
used for this inspection was Lockheed's Optical Surface Comparator (0SC) 
which compares the emittance and reflectance of applied surfaces against — 
known standards. Over 200 individual measurements were made and it was 
concluded that optical properties of the thermal control surfaces were 
within acceptable limits. VAFB personnel were commended on their applica- 
tion of Mystik tape on Vehicle 2355 since all of. the 10), sq. ft. of tape 
they replaced had been properly applied and exhibited nearly nominal 
optical properties, It is noteworthy, that plans are being initiated to 
install the majority of required Mystik tape surfaces at VAFB on future 


vehicles of ae In addition to minimizing the possi- 


bility of degrading the tape » this procedure will simplify vehicle handling 


and reduce cost, 


Being a highly polished aluminum surface, Mystik tape is susceptible to 
optical degradation caused by handling or inadequate protection. On R=2 
the Gantry was removed from around Vehicle 2355 and since it was raining, 
a "protective" polyethylene cover was placed over the forward sections. 


High winds caused this cover to repeatedly slap against the external ther- 
mal control surfaces. When the Gantry was reinstalled on R-l and the 
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covering removed, it was found that the majority of the Mystik tape 
surfaces had been abraded. The abraded tape had the appearance of dull 
rawstock aluminum and in some areas was go degraded as to appear black. 
Additionally, finely divided aluminum had been transferred to adjacent 
painted surfaces. As the Optical Surface Comparator was in the Gantry, it 
was used to determine the degree to which the thermal control surfaces had 
been degraded. Solar absorptivity of Mystik tape surfaces on the cylindri- 
cal sections of the vehicle had been increased by up to 300 percent (0.12 to 
0.35). Fortunately, tape on the conical section had not been degraded 
beyond acceptable limits. The degradation of tape on the cylindrical 
section could not be tolerated. Between T-15 and T-10 hours, approximately 
75 percent of the tape on removable panels was replaced. Additionally, 
painted thermal control surfaces were cleaned using distilled water and a 
mild abrasive soap. By checking the cleaning procedure with the OSC it was 
determined this mild abrasive could be used to remove the finely divided 
aluminum from painted surfaces without altering their optical surface 
properties. The OSC was also used to examine the retaped panels. 


Panels which were retaped gene chosen in an orderly manner, starting first 
with Quad. III and IV and then proceeding to the Quad I and IT panels 
closest to the + Z axis. At T-10 hours, the Gantry was removed and it was 
no longer possible to canae additional panels for retaping. At that point 
all but spproximately 15 sq. ft. of the degraded Mystik tape had been 
replaced. By controlling the order in which the panels had been retaped, 


all degraded thermal control surfaces which would have a major effect on 
the Type 1=-D battery temperatures had been replaced. Degraded surfaces not 
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replaced were those nearest the +Y axis and their effect could be reduced 
by a narrowing of the thermal window. The revised launch window became 


11:15 to 12:03 PST whereas the previous window was 10:30 to 12:03 PST. 
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2.1.7 High Voltage Operation in a Space Vehicle Environment 


2eL.7.1 Introduction 
The voltage necessary to cause breakdow or sparking between electrodes 
in air is a function of the density or pressure of the air. lonization 
of the air between the electrodes is the primary mechanism of voltage 
breakdown. Thus, at lower pressures (high altitude) air is more easily 
Lonized and breaks down at a mch lower potential than a“ sea level. 
Paschen, using calculations of the mean free path and ionisation | 
potentials, predicted that in a uniform field the breakdown potential 
of a gas (air) varies as a function of the gas pressure (mmHg or torr) 
times electrode spacing (cm). A Paschen Curve (Figure 2ele7 ol) which 
he verified experimentally, has a minimm breakdown potential of 
approximately 300 volts DC when the pressure-spacing product is around 
0.6 cm torr. Later investigators have established that lower breake« 
down potentials can be expected in non-uniform fields such as are 

_ commonly found in actual equipment. Likewise, high frequency alterna- 
ting fields and/or pulsed DC further lowers breakdown potentials. 


Upon examining Paschen's Curve, it would seem reasonable to assume, 
in a space vehicle operating at altitudes in excess of 300,000 feet 
(10-% torr & below), that there would not be a voltage breakdown 
problem. However, this assumption that equipment pressures will be 
the same as the ambient atmospheric pressure at a given altitude is 
unwarranted since it completely ignores the effect of the vehicle on 
the ambient environment. A considerable anount of volatile matter 
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(gas) is given off by the vehicle and its equipment due to liberation 
of occuluded gases and sublimation of materials. This outgassing, 
which is time and temperature dependent, raises the local pressure and 
may bring the pressure into the critical range, i.e., between 1 and 
1073 torr. 


Thus, high voltage equipment intended to be flow in a space vehicle 
mist be examined in detail and proper assessment made of the breakdown 
and corona hazards. Equipment operating voltages, frequencies > 
temperatures and outgassing rates must be considered and provision made 
for insulating where needed against voltage breakdown. Gaseous 9 
liquid, and solid insulation systems as well as hard cacuums have been 
used successfully to insulate high voltage equipment in space vehicles 
and missiles. 


2.1.7.2 KP=II Radar System | 

The KP-II radar system is based upon an existing AN/UP Q-102 airborne 
doppler radar system. In order to assess the effects of operation at 
reduced pressures, it is necessary to examine each of the components 
in each of the boxes making up the complete system. Voltage levels, 
frequency, operating temperatures, existing high voltage insulation 
(4f any) and interconnection methods for all of the high voltage 
components or circuitry are outlined in Table 2.le7elo | 


-Qele7 03 ‘Space Vehicle Gaseous Environment 


During ascent and orbit a space vehicle will encounter an ambient 
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atmosphere that varies in composition and density (pressure). The 
variation of pressure with altitude is well documented and the ambient 
pressure at altitude may be obtained from the latest (1962) U.S. 
Standard Atmosphere. However, the presence of the space vehicle 
itself modifies the ambient atmosphere to ‘ considerable degree. 
Material outgassing, the release of occuluded gases from all surfaces, 
and the gas from the control system all have their effect on the induced 
atmosphere surrounding a space vehicle, In an early Russian experi~ 
ment where pressure gauges were flown at short distances from the | 
vehicle, pressures of 107° torr were read all the way to the moon and 
back. Figure 2.1.7.2 shows the time history of pressure in the forward 
equipment chamber of an early Discoverer Satellite (1062) as measured 
by an inverted magneton gauge. As can be seen from the figure, the 


pressure is several orders of magnitude higher than the ambient 
corresponding to an altitude of 115 nautical miles (107? torr). In 


addition, the pressure curve appears to be approaching a lower limit 
of 2x 10™ torr. A later vehicle (1102) measured pressures of 1073 
torr just inside the horigon sensor doors (30 sq. in. opening). The 
pressure at any given point in a particular vehigle will of course 
depend not only on the quantity and types of materials present but 
also on the equipment temperature and on the degree of saitice 
contamination such as finish, dirt, grease, cutting oils, finger 
prints, eto. . | 7 | 
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Pressures within the equipment boxes are again a function of materials 9 
surface areas, temperatures, contamination, and sizes of openings or 
vents in the boxes. Incorporation of vent holes in equipment boxes 
(properly screened for EMI) should have a marked effect on internal 

box pressures. The instantaneous pressure for a given outgassing rate, | 
external pressure, and enclosure volume can be determined by the mmber, 
size, spacing and distribution of vent holes. As can be seen from the 
data in Table 2.1.7.1 the Transmitter/Modulator (Box 3) contains the 
highest voltages, frequencies and operating temperatures. Because of 
the spacing, compartmentation and temperature levels in this box, the 
local pressure rise (even with weating) due to outgassing would be 

10 to 100 times higher than the ambient vehicle compartment pressure 

of 1073 to 1074 torr e ee » internal high voltage components could 

see local pressures of 107! to 107° torr and if this condition existed, 


would undoubtedly are over at the voltage levels present, 


2.1.7el Breakdown and Corona at Reduced Pressures 
a) Uninsulated Electrodes 
Paschen's Curve (Figure 2.1.7.2) predicts, for electrode spacings 
commonly found in electronic equipment, that breakdown and corona 
will most likely occur as pressures of 10 to 107 torr. As 
mentioned previously, Paschen's Curve applies specifically to 
uniform fields and to DC or low frequency alternating fields. 
In general the breakdown will be the same for DC as AC vrovided 
the positive ions have enough time to travel between electrodes 
during a half cycle. However, if the ions cannot bridge the ap 
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in time, a space charge will build up between electrodes causing 

a field distortion. In a similar manner, non-uniform fields give 
rise to space charge and field distortion effects. Field distor- 
tion will in turn cause breakdown to occur at a lower potential | 
than a uniform DC field. There are indications from the literature 
that breakdown potentials decrease with frequency Such that at 

20 KC, breakdown values are 15% lower; at 5 - 15 MC, 30 - 04 
lowers; and on into the wiatcraes region where even lower break-— 
down values have been observed. Ambient ionization and elevated 
ieusaatates further lower breakdown potentials, 


Under changing field conditions, with AC or when DC is being 
raised or lowered, a localised gas discharge called corona | 
usually occurs just before breakdown. Corona type streamer dis- 
charges are characterised by low-conduction currents in the micro~ 
ampere range and usually by a visible glow in the vicinity of the 
electrodes and sometimes by emission of noise in the audible 
range. This localised discharge indicates that complete break- 
down of the gap will occur at a slightly higher voltage. 


b) Insulated Electrodes 

Corona may also occur on the surface of insulated electrodes when 
there is a gas gap in series. Discharges in series air gaps are 
promoted by two factors: the lower dielectric strength of air 

and the electric stress concentration on the air due to its lower — 
dielectric constant (Kx 1.0). The electric stress in the air is 
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higher than in the adjacent series solid by the factor K,, which 
is the dielectric constant of the solid insulation. The corona 
threshold voltage for a simple series air gap may be calculated. 
Since the total voltage is distributed between the gas and the 
solid, the calculation results in the relation: Vinreshold 

Reb Me (e+ 2), where EB, is the gas breakdown stress for the gas 


spacing dg. Lowering the dielectric constant and increasing the 
thickness of the insulation will lessen the stress on the air GPs 


- lower corona intensity and increase corona threshold voltages, 


2.16765 ee Options for High Voltage Protection 


a) Maintain Pressure Below the Critical Ran 
aaemnenemnarneemmereemnan nh A NE 


To maintain the pressure below the critical range requires that 
the high voltage equipment be adequately vented to the space 
vacuum so that the pressure in the vicinity of the most critical 
element does not rise above the lower limit of the critical range, 


- Pegardlesas of the amount of outgassing from components and 


materials. This has the advantage of using sea level hardware 
with a minimm of modification. However, vent holes must be 
adequately screened for =r which cuts dow the effective pumping 
speed of the vent and large vented areas are impractical from a 
structural integrity standpoint. In addition, venting imposes 
severe problems in predicting outgassing rates of all components 
within the boxes. This condition can be eased by warming up the 
boxes (increasing outgassing rates) before applying voltages to 
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elements sensitive to breakdowm. The outgassing and pumping — 
characteristics of the high voltage assemblies are difficult to 
predict and accurate values can only be obtained by a long and 
careful testing program of each and every possible source of gas, 
pius rigid control of materials, finishes and contamination. 
Moreover the best available information indicates that pressures 
in the forward barrel. section will be in the 1073 to 1074 torr 
range (Figure 2.1.7.2) Which would impose a lower limit on 
pressures available through venting. It appears from Paschen's 
Curve (Figure 2.1.7.1 that operation at 1073 to 1074 torr would 
not present bisanaoei problems. However, it is not know what 
derating factors have to be applied to this curve to take into 
account non-uniform fields and square wave pulse conditions as in 
the Transmitter/Modulator. if it is assumed that venting can 
reduce ambient pressures within the box to 107) to 1074 torr there 
is still the probability that when certain high voltage elements 
are energised that copious amounts of gas would be given off due 
te: -theoeal vine excging local pressures possibly in the 1072 to 
107° torr range. | | | 


b) Maintain Pressure Above Critical Point 

Since the KP-II system operates at atmospheric pressure without 
breakdown, the hazards of a low pressure environment can be 
eliminated by maintaining the pressure, in the payload equipment 
section or in the individual equipment boxes naking up the systen, 
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above the pressure at which breakdow would occur. This approach 
necessitates the construction of pressure vessels and the 
determination of leak rate. Pressure vessel design dictates the 
use of shell type curved surface construction and the elimination 
of large flat areas. Existing equipment boxes, which are 
essentially rectangular sheet metal boxes, would have to be 
replaced, and creamire vessels designed and fabricated. 

i Accessibility and maintainability are sacrificed and sealing 
becomes a major problem. Elastomeric seals (O-rings) have finite 
leak rates and deteriorate in hard vacuum due to loss of plasti-~ 
cizers and low molecular weight constituents. Soft and hard metal 
Seals have poor compressibility and sealing properties and require 
hard flat container flanges which are easily damaged. For extended 
missions, welded leak checked seals are preferable, Access to 
welded boxes can only be accomplished by grinding away the weld 
which means that maintainability and trouble shooting problems 
would be severe. | 


c) Insulate with a Liquid Dielectric 


Imnersing high voltage components in a dielectric fluid so as to 
éliminate air or other gases will provide voltage protection at 
altitudes. Two of the high voltage scuponents » namely the pulse 
forming network and the pulse transformer are insulated in this 
manner. In addition to the increased weight of liquid insulation 
there are problems in accommodating the large volume expansion of 
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the dielectric liquid over a wide temperature range and in 
maintaining a pressure on the liqnid so that it will not gas and 
breakdown at reduced pressures. ‘The thermal expansion problem 
requires that an expansion chamber be provided for high temperature 
operation and the reduced pressure requires that the sides of the 
containers be rigidly reinforced to prevent expanding ox bowing 


out. 


d) Insulate with a Solid Dielectric 

Embedding or potting of high voltage components, and the termina- 
tion of interconnections in organic resins provides high voltage — 
breakdown protection under any pressure conditions, Potting also 
provides design advantages such as improved heat transfer and a 
means of mounting and supporting components during vibration and 
shock. In many cases, existing components and circuitry may be 
‘Simply embedded with a minimum of design changes and testing time, 
whereas liquid and gaseous insulation requires extensive redesign 
and fabrication of structural hardware such as expansion devices 
and pressure vessels, Failure modes do exist in solidly insulated . 
components but they are predictable and, through proper design, 
selection and testing of materials, may be eliminated. 


Internal Corona and Treeing Potted components may fail due to 


corona and/or treeing in entrained air bubbles, in cracks that 
may develop due to mechanical or thermal stresses or in interface 
separation caused by non~-adhesion or incompatibility of materials. 
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Voids or cracks containing air would have dielectric constants 

of approximately 1.0 while the surrounding potting would have a j 
dielectric constant of approximately 3 to 4. The field concentra- 
tion in the void or crack thus would be 3 to times higher than 
in the insulation resulting in probable corona in the void. 
Whether corona existed in the void would depend on the size of 
the bubble and on the gradient in the insulation. The immediate 
effect of internal corona is to decrease the thickness of the 
insulation which may result in immediate breakdown. Long term 
corona frequently results in a phenomenon called "treeing" in 
which tree-like corona paths continually erode their way through 
the insulation until failure occurs. Treeing is believed to 
result from corona degradation which tends to form isolated 
conductive areas in the voids or cracks resulting in field 
concentration effects which locally exceed the dielectric strength 
of the material. 


Voids and bubbles can be avoided by selecting materials with low 
enough viscosity and long enough "pot life" so that vacuum 
inpregnation techniques can be effectively used to insure their 
absence. Non-adhesive probleas can be eliminated by selecting 
potting materials that adhere and are compatible with all the 
materials in the component or device. Mechanical and thermal 


stresses can be eliminated by proper design of the potting 


configuration and by selecting materials that do not crack or 
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degrade at the thermal extremes encountered, 


External Corona As discussed previously, external corona may 
exist between insulated electrodes. Low dielectric constant, 
high resistance, and high dielectric strength materials and 
increased thickness will minimise external corona. Because of 
the spacing, voltage levels, pulse and frequency conditions 
nectar to the KP-II system, the extent and intensity of 
external corona can only be established through altitude tests on 
the system. However, there are the design options of decreasing 
dielectric constants, increasing thickness, potting solidly and 
shielding (elimination of air gap) to prevent corona. 


The direct impingement of corona discharges on insulation surfaces 
will cause slow or rapid (varies among different insulators) 
decomposition of all organic plastic materials. Corona bombardment 
generates a multitude of active molecular atomic and ionic species 
such as ions, free radicals, electrons and high energy ultraviolet 
light which depolymerize and decompose organic plastics to low 
molecular weight fragaents which evaporate. The rate of attack 
depends on corona intensity and on the rate of discharges. Corona 
intensity will depend on the ratio of operating voltage to corona 
starting voltage and the rate will be netonetaonal to pulse rate 
or frequency. Insulation exposed to corona will eventually fail 
due to corona erosion of insulator surfaces. High reliability 
electronic equipment for space vehicles demands that corona be 
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considered as dielectric breakdown and eliminated. 


2.1.7.6 : Insulation of the KP-IT System 
As can be seen from examination of Table 2.1.7.1, the Transmitter/ 
Modulator (Box 3), presents the greatest challenge in the selection 


of an insulating method. Figure 2.1.7.3 is a view of the high voltage 


components in Transmitter/Modulator prior to insulating for space vehicle 
operation. The second most complex insulation problem is in the 
Recorder, (Bax 7); however, here the CRT is already insulated and 

tested to pressures of 8.), torr by the vendor. The third most complex 
problem is with Lear Siegler Power Supply, Box 2, followed by the RF- 

IF Box i, and then the Control Unit, Box 6 and finally the Reference 


Computer, Box 5. In the latter two units only the 300 volt circuitry 


presents problems and this can be handled by the application of a void 
free insulating conformal coating. 


Each of the high voltage components and each circuit listed in Table 
2o1e7-k Was initially examined in detail as to Vemperatures, voltages, 


‘frequencies and to the difficulties of providing insulation at possible 


box pressures of 1071 to 10-2 torr. Redesign problems, fabrication, 
maintainability and testing difficulties as well as weight penalties 
and the effect of all these problens on schedule ware taken into 
consideration before the insulating system was selected. In each case 
the relatively uncomplicated solution, with sirens design changes, 
fabrication costs, maintainability and testing difficulties is to pot 
or embed the high voltage components and coal in an organic 
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dielectric solid. For each device that needed to be insulated, there were 
known proven materials available that had the intrinsic dielectric proper- 
ties and the required temperature resistance, The problem of insulating 
the components was reduced to the evaluation and selection of suitable 
materials and development of suitable application and testing techniques 
for each specific component or circuit. 


A potting evaluation and selection program was initiated by Lockheed, with 
Goodyear's cooperation, to develop potting materials and techniques for 
insulation of the KP-IT high voltage components. Testing of potted com- 
ponents was conducted by Goodyear over the Sreasine range of 2 to 10 torr 
to insure that the canpleted system would operate at any pressure. In 
addition, Goodyear felt that for Box 3, a pressure vessel could be designed 
and tested within the same time scale as the potting and would provide a 
backup solution in case the potting develoment proved to be unsolvable. 


2ele7e7 Development of Potted High Voltage Canponents 
a) Initial Potting Material Selection Criteria 
Electrical insulating and potting materials were selected on the basis 
of an analysis of the engineering requirements applicable to each 
specific camponent or device to be insulated for high altitude opera- 
tion. Potting materials were selected on the basis of: 
© High dielectric strength at operating temperatures. 
© Lower dielectric constants to minimize stress on air gaps. 
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o Low dissipation factor to prevent dielectric heating problems. 


o High resistivity to minimise leakage currents. 
o Stability at operating temperatures, i.e., no change in 
| _ properties with time at operating temperature. 
| | 0 Resistance to thermal cycling, i.e., no cracks developing 
during exposure to thermal extremes. 
o High heres’ conductivities and low coefficient of expansion. 
o Sufficient mechanical strength to provide support to components 
during shock and vibration. 
o Low viscosity, i.e., can be cast void free using vacuisa 
degassing techniques, _ a 
o Forms an adhesive bond to and is chemically compatible with 
the materials to be insulated, 


Interconnection of High Voltage Components Silicone rubber 


insulated high voltage cable was used extensively throughout the 
KP-IT system to interconnect high voltage components. Many of the | 
components in the system such as the klystron base, the CRT, and 
the Tw? already had the silicone high voltage cable potted in 

place and other components such as the pulse foaming network and 
pulse transformer had AMP connectors installed which were designed 
for the H.V. cable. In addition, the high temperatures/high volt~ 
ages existing at the thyratron anode, the klystron base 9 and the 
‘inverse resistors, precluded the use of any other type of H.V. 
cable. This requirement, that Silicone rubber H.V. cable be used, 
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placed severe restrictions on the selection of materials for 
potting components and terminating the H.V. cable since only 


silicone potting materials will bond to silicone rubber cable. 


Silicone rubbers require primers for bonding to other naterials 
and special cure schedules for high temperature operation and, 
in addition, exhibit inhibition probleas when in contact with 
certain organic materials. 


Thyratron Potting Initially, anode temperatures on the thyratron 
were expected to be in the 500°F range, ‘The H.V. cable termination 
at the anode would be the most critical potting problem. 


An evaluation of cleaning methods, primers, cure schedule, 
materials inhibition and high temperature exposure tests were 
conducted on suitable silicone potting materials specifically 


for the thyratron potting but also generally applicable for 
‘termination of the H.V. cable to other components, 


two inch lengths of white silicone H.V. cable were abraded (not 
primed) and potted in five different materials. Adhesion to wire 


and potting cup were checked, specimens were then posteured and 


subjected to high temperatures. Results of these initial tests 
are contained in Tables 2-1.7.2, 2.1703, and 2.1-7ehe 
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TABLE 241.722 
SILICONE RUBBER ADHESION TESTS 





Materials Cure Primer Adhesion to Cable Adhesion to Cup 
RTV 501 2 Hrs./RT AC-7O00K" Yes Yes 

RIV 503 * . Q2-1011* Yes : No 

RTV 5221 " a AC~7000¥+ Yes No 

RTV 601 " —. Q2-1011% Yes No 
Sylgrd103  " *  sylgardé Yes Yes 
Sylgard 103 " ‘None | No No 
Dow Corning Corp. | “* Hysol Corp. _ 

TABLE 2.12703" 


RESULTS OF EXPOSURE TO SoO°F FOR 28 HOURS 


Material Cure Schedule Results of Exposure to 500°F for 28 Hours 


RTV 501 Note 1 Passed ~ No damage 


RIV 503 = 6 6S Failed - Blown into sponge 
RIV S21 " "Passed = No damage 
RIV 601 Note 2 Passed - No damage | 
Sylgard 183 Note 3 Passed = No damage 
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7590°F/1 hr, 


Delayering  Delayering & 


200°F/1. hr. 700°F/1 hr. 


| TABLE 2.1.7.4 
RESULTS OF EXPOSURE TO HIGH TEMPERATURES 
No damages 


Post Cure 


Material 
Note (2) 


600°F/1 hr. 


No damage 


blowing 


SOOw/L hr, 
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750°F/1_ hr. 
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Cure 500° /1. hr. 
weighing dish (approxin 
sured at 150°F /1, a 


600°F/1 hr. 





Post 
Note: (1) Test specimens consisted of 


Material 
Note (1) 
Sylgard 183 
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Based on the results of these tests, Dow Cornings xTV 501 with 
Hysol AC-7000 primer was selected for termination of the H.V. 

cable. A thyratron was obtained from Goodyear, along with a section 
| of bright yellow silicone H.V. cable and these were potted using 
iTV 501. Upon completion of the cure, it was noted that the 
potting was inhivited by the cable and not bonding to it. A new 
batch of a light yellow silicone H.V. cable was received from the 
AC abraded (not primed) and tested using the RIV 501 and some 
additional primers. HKesults of these tests are contained in 

Table 2.1.75. | 


TAIL: 2.14705 
ALHESION JeSTS TO SILICON.) H.V. CASLsS 





Adhesion to — 
Haterial . Primer Caple Adhesion to Cup (ating) 
RIV SOl General Electric S-L00, Yes : Yes lst 
RIV 501 Hysol AC7000 Yes Yes and 
RTV 5O1 Products lesaarch PR1902 Yes | | Yes 3rd 
xTV 501 Dow Corning Look Yes No. 


The H.V. cable is purchased by Gocdyear from AMP, Inc. in 


13 inch lengths with a female connector fabricatad on one end and 


cas Oe ne 


pe 


ro) | ae 


are identi"ied by AMP as No. 832692-22, AMP confirmed that they 
did not manufacture the cable itself and bought cable from 
different cable manufacturers, which would account for the 
inhibition encountered with some samples. At this time information 
was received from the AC that thyratron anode temperature would be 
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approaching 700 F. Additional samples of silicone materials were 
prepared and tested. Test results are contained in Table 2.1.7.6. 


TABLE 2.1.7.6 _ 
_ RESULTS OF ADDITIONAL TESTS AT HIGH TEMPERATURES 





, RESULTS OF EXPOSURE TO 
_ Additional 550°F/ 600°F/ = 650°F/ = 700°F / 
Material Post Cures 45 ming 35 min. 15 min, 20 min. 
RTV 501 (1) 
RTV S21 (1) 500°F/ = No 
28 hrs. § Damage —e nee esas 
RTV 601 (2) 
Sylgard 183 (3) 
a 
RTV 501 (1) | - Blown into 
RTV 521 (1) 500° /28 brs, No  Peedening d 
1: aaees D es del 
atv Gon (2) ss00F RS ata, — . 
Sylgard 183 (3) ; : | —_ Surface . 
RTV SO1 (1) | | 
. : 500°F/28 hrs. 
RTV 521. (1) lus No | 
| | 550°R /hs ming wae -——= Damage wen 
— RIV 601 (2) plus 7 
600°F/35 min. 


Sylgard 183 (3) | 
_ Note: (1) .R.T./7 days plus 150°F/k hours plus 300°F/3 hours 
_ plus 00°F/3 hours plus )50°F/16 hours. 
(2) R.T./7 days 


(3) 150°F/, —— 
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A silicone H.V. cable was potted into the top section of the 
thyratron using Sylgard primer and Sylgard 183 potting. A potting 
procedure was written up and delivered to Goodyear with the potted 
thyratron for further testing. Sylgard 183 was selected for this 
application because it hzs the hizhest temperature resistance of the 
silicone potting materials ani does not have to be extensively post 
cured at higher and higher temperatures to obtain the high temperature 
resistance. This potted thyratron was satisfactorily tested at altie 


tude by Goodyear without breakdown. 


Potting of Other High Voltage Components - Goodjear evaluated silicone 


potting materials and selected Yysol's RTV 211 (equivalent to Dow 
Cornins's RTY 321 tested by LYSC), for the potting of the pulse 
transformer bushin:, inverse resistors, avalanche cirouit, grid caoke, 
plate choke and for the devniinat ton of the silicone teVe cable on 
other components. Sylzard 182 (a clear version of the Sylvard 183 
used on thyratron) was selected by Goodycar to rot the RF-IF power 
supply and high voltage divider, An epoxy resin was selected by 


Goodyear to pct the 2 to 10 KV suvply in the Recorder. 


Conformal Coatings - As mertioned previously, the insulation of 
circuitry with voltaze up to 00 volts could be accomplished by the 
anolication of a voidefree insulating coating to all terminals, | 
printed cirevit traces and co:nonent leads. In addition » Lhis 


conformal cosatinz, when applied to components, provides mechanical 
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waor’ for shock and vibration protection. The conformal coating 
mist be capable of being applied void free and in sufficient 
thickness (approximately 0.010 inches) for voltage protection with 
100% coverage and mst form an adhesive bond to all lead materials. 
Epoxy resins are usually used for this type of application because 
of their electrical properties, mechanical strengths and their 
adhesion to components, leads, terminal boards and most wire 
insulations. However, in this case, the requirement that all 
terminal edges and cut leads be coated to a void free thickness 

of 0.010 inches was very difficult to meet since low viscosity 
coatings drain off from sharp edges and high viscosity resins 

cannot be applied without voids. An evaluation of confornal 
coatings that could be vacuum degassed in place without excess 

run off was initiated by IMSC. As the result of this evaluation, 
an experimental resin system Scotchcast XR 5072 ( 3M Co) was selected 
as a conformal coating. This material is a heatcuring, controlled 
flow epoxy resin that can be applied, degassed and cured without 
voids and with & buildup of approximately 0.010 inches on leads 

and terminals. Additional quantities of this material along with 
processing instructions were passed on to the AC for further 
evaluation on actual circuits. | 


Teflon Insulated Hook Up Wire A surface treated (for adhesion 

and marking) ‘tehisa insulated wire, HiTemp B (HiTemp Wires), was 
used extensively by Goodyear in the KP-II system. ‘The | 
adhesion of the Scotchcast IR 5072, Sylgard 183 and Hysol RTV 211 
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— to this treated wire was unknown and an investigation of the 
adhesive bond strength of these materials to surface~treated 
teflon was conducted by IMSC. Results of these tests are 


contained in Table 2127374 


‘TABLE 2.1.7.7 
ADHESION TO TEFLON INSULATED WIRE 


Test Specimens: 22 AWG Teflon Insulated Wire: 
Nominal 10 Mil Walls OD 0.050 inches; 
Potting Depth 0.5 inches; 
Three Specimens per test, 






Potting Pull Out Force (PSI 

Material Surbond _Hitem> A Hilemp B Virgin Etched 
Scotchcast | | 

XR 5072 121 85 81 0 122 
(No Primer) : : | 
—— ng si 85 55 0S O 91 
iia it ij & 0 87 


ee peteteenneeneatnenaenrnenne eee 
Results of Initial Altitude Tests on KP=IT Systen Altitude 
testing over the range from 2 torr to 1074 torr was conducted by 
‘the AC on all boxes comprising the KP=II system. As the voltages . 
were raised on the 1/M, the insulation flaws were uncovered and 
corrected until the box could operate at full voltage without 
breakdown. However, there was extensive corona around all ‘potted 
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H.V. components and all H.V. cable. In the xF-IF box, breakdown 


was experienced in a 100 mc varactor miltiplier at 30 = 50 volts. 


b) Corona Suppression Techniques 


Foans Light weight (2 lbs. per cubie foot) closed cell. 
polyurethane foams with dlelectric constants of approximately 1.2 
and dissipation factor of 0.001 have been extensively used to | 
insulate and support high frequency components. Several such 

foam systems have been extensively used by IMSC on varactor 
multipliers similar to the AC's without experiencin;: any altitude 
breakdown or corona problems. This material, along with processing 
instruction was supplied toGoodyear and successfully eliminated 
corona and. breakdown in the varactor mitiplier in ox hl. 


The 2 1b/£3 foan has a dielectric breakdown strength of approximately 
50 volts/mil at ambient pressures, The individual cells are formed 
initially b7 either the expansion of freon or carbon dioxide caused 
by the exothermic resin veucticn: Upon cooling to room temperature | 
a partial vacuum exists in the cells and air eventually diffuses 

in. Under vacuum conditions, of course, the diffusion would be in 

the other direction with the foam cells eventually going through 

the critical range; however, there are indications from the literature 
that if the cell size is small enough the mean free path of 

electrons and ions would be reduced and Paschen's Curve would be 
raised to much higher voltages. While fosms do not have sufficient 
dielectric strength to be used as the primary insulation in the 
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T/M, they may have some merit as a corona suppression medium. 
Accordingly, an evaluation of foams for corona suppression was 


The main problem in applying foams to the T/M is in obtaining 


wetting and adhesion of the foam to the silicone insulated lead 


wires and high voltage components. Various silicone primers and 
adhesives were applied to samples of Sylgard 183, HAV. cable, 

RTV 211 and several other RTV silicones but none of these priners 
were effective in creating an adhesive bond batween silicone and 


_ polyurethane foam. Several lengths of H.V. cable were cemented 


in a block of silicone rubber, primed, foamed and tested at 
pressures of 2 torr to 107! torr in a vacuum chamber using a 
Tesla coil as a high frequency high voltage source. Corona was 
produced along the H.V. lead and was also evident at the foam-~ 
lead interface but not around the block of silicone rubber, This 
test proved that an adhesive bond must exist between foam and 
silicone insulation and that if insulation thickness is increased 
significantly corona will not be present. Experiments with 
polyurethane foam were abandoned because of the adhesion problems. 
A H.V. cable specimen was prepared using a closed cell 10 1bs/ft? 


_ Silicone rubber foam, 3 M's Scotchcast AR 5017; however, because 


of high viscosity, this foam did not flow readily and wet the 
cable. when this foan was tested at 10°) torr using Tesla coil, 
it exhibited corona between the foam and the cable, 
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Shielding As mentioned previously, external corona problems 
can be eliminated by applying a grounded conductive coating 
(shield) to the insulation or by potting high voltage components 
in metal cans thus eliminating the series air gap. The decision | 
was made to put high voltage components in metal cans and LSC 
investigated methods of shielding the H.V. cable which was not 
available shielded. Samples of conductive silicone rubber, Dow 
Corning 992-005, were procured and samples of the H.V. cable 

were coated. A section of H.V. cable was also shielded by 
slipping on a section of Belden braid and potting it in place 
void free using Hysol RIV 211. These samples and processing 

data were forwarded to Goodyear to test. © The braid shielded 
H.V. cable performed satisfactorily at altitude. The decision 
was then made to pot all H.V. components in metal cans with AMP 
type connectors and to use the braid shielded H.Y. cable to 
interconnect these components using an AN type nut and ferrule and 
a conductive epoxy to properly terminate the braid mechanically 


and electrically at the can. 


Lear Siegler Power Supply As can be seen from Table 2eleTels 7 
the voltage and temperature levels in the Lear Siegler are 


below those in the T/M. The initial method of interconnection 
between the transformers and rectifiers and between rectifiers 
was accompLished with polyolifin insulated H.V. cable with the 
ends of the cable being potted in place and no connectors being 
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used. Recommendations on potting materials, shielding methods, 
and processing techniques were forwarded by LMSC to Lear 
Siegler. At the request of the customer, a personal visit by 


IMSC personnel was made to Lear Siegler to pass on the design, 
materials selection, and processing philosophy that had developed 
concerning high voltage breakdown. Daring this visit, a partial 
assembly consisting of three transformer-rectifiers was tested at 
altitude and extensive corona was observed. One of the trans- 
formers was shielded using a conductive paint and a marked 
reduction in overall corona resulted. Specific recommendations 
were made to lee Siegler on a better transformer potting material 


| (Scotehcast 281), a better H.V. lead adhering potting (Furane 


Plastics Epocast 202/9615) and a better conformal coating (Hysol 
12-007) for low voltage areas. An evaluation of conductive paints 
suitable for shielding the epoxy potted transformers and the 
polyolifin insulated wire was begm by IMSC. Several samples 
of epaxy resin were coated with various silver filled conductive 
paints and resistivity measurenents taken at elevated temperatures. 
In addition, similar tests were performed on polyolifin insulated | 


wire but the rigidity of the conductive paints are such that the 


wire insulation could not be flexed without cracking the coating. 
Recommendations were made to Lear Siegler that they shield the 
polyolifin wire with braid and bond the braid in place with 
Epocast 202/9615. The question of silver migration into the 
potting was raised and a test was made to evaluate this problem. 
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A 0.125" slab of a flexible epoxy, i.e., Epocast 202/9615, at a 
one to one mix ratio was cast and conductive silver electrodes 
of approximate 1-1/4 inches in diameter painted concentrically 
on both sides. A flexible epoxy was chosen because it is not 
highly crosslinked (large spaces between crosslinks) and if 
silver migration was a problem it would occur in this type of 
epoxy much faster than in a rigid, highly crosslinked system. 


Two specimens were prepared and placed in an oven at 165°F and 
the initial volume resistivity, dielectric constant and 
dissipation factor measurements taken when samples reached oven 
temperature. One sample was held at temperature as a control 

. and did not exhibit any changes in electrical properties during 
a five hour test. The other sample was held at 500 volt DC 
potential (4 volts/mil) for 1 hour with a slight increase in 
volume resistivity. This sample was then held for two hours 
without voltage and no changes noted. Voltage was increased to 
2000 VDC (16 volts/mil) and held for an hour during which time the 
volume resistivity increased from 9 x 10° ohm-cms to 3 x 107 ohm- 
cms. After voltage was removed sample remained at 3 x 10? while 
control, sample still remained at 6.5 x 108, No variation in 
dielectric constant or dissipation factor was recorded in 
either specimen during the test. Insulation resistance of the 
test specimen was 2 x 10! ohm at room temperature and did not 
exhibit any detectable change after three hours at 15 KV (120 volts/ | 
mil) at room temperature. It was concluded from these tests that | 
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silver migration would not be a problem. A literature search 
revealed that the only reported cases of Silver migration occurred 
in porous insulation at humidities above 50% RH and under a con~ 
stant DC voltaze stress of many months! duration. High humidities 


and porour insulation both were required before migration occurred, 


Lear Siegler had decided to place the transformer-rec tifier in a 
Single metal can thus eliminating the need for the silver paint 
and for shielding the interconnection between transformers and 
rectifier. Rectifier intercomections were made in an open metal 

_ Channel with the epoxy potting being thick enough so that sovon 
was not present. The polyolifin wire connecting the rectifiers to 
the H.V. choke exhibited corona during altitude and had to be 
Shielded. This was accomplished with Belden braid which was 
bonded in place with Epocast 202/9615. 


Venting As a further precaution azainst HV. breakdown and 
corona, it was decided by IMSC — that the boxes would be vented, 
Laboratory experiments were conducted by LMSC ona oun Cetie 
formally coated electronic module (resistor board, 18 sq. inches 
in area) contained within typical electronic boxes of 226 cubic 
inches and 396 cubic inches volume. Tests were performed in a 
vacuum chamber with the internal module and the external chamber 
pressure being monitored during ‘pump down. Parameters studied | 
included the effect of module box vent diameters » (1/16, 1/h and — 
1 inch) and the effects of materials outgassing (at module tempera- 
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tures of 75°F, 125°F and 200°F), on the internal box and external 


chamber pressures. 


Test results indicated that even with a 1 inch dismeter vent hole 
and an external pressure of 10-6 torr or below that the internal — 
box pressure cam up from 1-1/2 (on 396 in? box) to 2 (on 226 in? 
box) orders of magnitude into the 10% torr range as module 
temperature came up to 200°F. The peak pressure occurred between 
10 and 20 hours after power was applied to the resistors, and 
external chamber followed a parallel curve that came up sligntly 
over one order of magnitude (i.e., 1075 range) even dinagh chaier 
was continuously being pumped. | | 


As a result of these tests it was decided by LMSC that one 
inch diameter properly screened vent holes be installed in each 
| of three sides on each box. 


c) Potting Problems Encountered 
Adhesion of Silicone Potting The adhesion of silicones to 


other materials can only be accomplished through the use of primers, 
Surface preparation, cleaning and the uniformity of the primer 
application are critical in obtaining adhesion. Many of the 

potting failures on the thyratron, kKlystron, diodes, H.V. divider, 

PT bushing, and plate choke were caused by poor surface preparation, — 
cleaning and primer application techni. ques. Extensive surface 
preparation such as sandblasting, and liquid honing were found to 
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be required on ceramic surfaces (PT bushing and AMP connectors) 
metal surfaces (potting cans) and plastic surfaces. Primer 
uniformity was also critical and techniques had to be refined to 
prevent buildup which resulted in non-adhesion,. 


Once surface preparation, cleaning and primer application parameters 
were established, Components were potted on a batch basis with 


_ adhesion being verified by dissection of an operable unit, 


Inhibition of the Sylgard 162 by the epoxy fiberglass laminates 
in the H.V. divider resulted in non-adhesion of the Sylgard to 
the epoxy which caused a failure at altitude. Potting was changed 
to Hysol RIV 211 which is not inhibited by epoxy curing agents, 


Potting Expansion Problems on Thyratron Potting of the thyratron 


into a metal can (for corona suppression) introduced problems in 
accommodating the large volume expansion of the Sylgard 183 potting 
due to thermal rise during operation. The initial potting can 

was cylindrical and enough pressure was generated by the expanding 
potting to split the seam on the can. Goodyear changed the potting 


Gan to a square confi-uration to allow movement of the can's sides 


during thermal expansion and contraction (oil can effect) and 
started experimenting with expandable top cans. LSC started 
an investigation into reducing the coefficient of expansion of 


the Sylgard through the use of fillers and evaluating high 


temperature epoxies for potting the thyratron, 
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Low coefficient of expansion inorganic fillers are commonly used 
to lower expansion coefficients in polymer systems. However , the 
amount of filler needed is greater than 50% by volume before any 
reduction is noted. The addition of such a large amount of filler 
to the already viscous Sylgard 183 would raise the viscosity and 
make the polymer unsuitable for H.V. applications. Another 
technique to reduce expansion is to use a coarse filler, 20 to 
40 mesh, and impregnate it in place with the Sylgard 183. This 
gives volume percentages of 85 to 90% and marked reduction in 
expansion and some reduction in dielectric strength. The bulk of 
the potting in the thyratron is in the anode cup and dielectric 
strength in the cap itself is not of importance since the inside 
of the cup is all at the same potential. Several commercial resin 
systems are on the market that use this fill in place technique 
and the coarse fillers from these systems were evaluated with 
Sylgard 163 using metal cups approximately the same diameter 
and depth as the thyratron anode. Measurements on the test 
specimens at elevated temperature indicated that the coefficient 
of expansion was cut in half. Dissection of the specimens indicated | 
incomplete impregnation and that even seateer fillers would be 


needed. 


Concurrently with the filler investigation on the Sylgard, 
IMT was also investigating high temperature epoxies. The silicone 


H.V. cable was no longer being embedded in thyratron potting but 
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was terminated at an Amp connector and adhesion to the silicone 
cable was no longer the governing parameter. In addition, Goodyear 
had taken thermocouple measurements on a potted. thyratron that 
established the anode temperature at a maximum of ,OO°F and | 
external can temperature (at top). of 250°F after several operating 
cycles. A filled epoxy resin would have a coefficient of expansion 
at least an order of magnitude less than the Sylgard 183, would 


bond without primers and would eliminate the potting can since 


conductive epoxies could be utilized as corona shield. Filled 


rigid high temperature epoxies would have less dielectric strength 
and increased leakage at elevated temperatures than the Sylgard 
183 and are notorious for their poor thermal shock resistance at 
low temperatures. The rigid low coefficient ceramic and metal 
thyratron would impose severe mechanical stresses on the resin 
during curing and exposure to low temperatures. A fixed air 
capacitor with plate spacing of 0.125 inches and mounted on a 
ceramic plate was totally embedded in various high temperature 
epoxies. Elevated temperature dielectric strength and leakage 
were measured between capacitor plates and the embedded ceramic 
plate made a good thermal shock specimen. 


The best filled high temperature epoxies were evaluated first 
using the air capacitor specimen but upon removal from 00°F post 


curing oven, these specimens either cracked around ceramic or 


around the edges of the metal capacitor plates. Additional high 
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temperature filled resin systems with increasing degrees of | 
flexibility or increased filler loading (less shrinkage and 
lower expansion coefficient) were evaluated until a resin system 
was found that would not crack around the embedded capacitor when 
placed in a freezer at -20°F and would withstand 15 KV DC between 
the embedded plates at 00°F. Of the six resin systems evaluated 
only a blend of 60% Scotchcast 281 (a semiresilient filled resin) 
and hO% Scotchcast 251 (a rigid filled resin) would pass these 
screening tests. A rejected thyratron (open cathode) was mounted 
in an open-top cylindrical potting can with an AMP connector and 
‘potted in the resin blend (SC 261/SC 251). This thyratron was 
tested at 300°F with voltage applied between the H.V. connector 
and the can and a breakdown at , KV DC was experienced. At room 
temperature, breakdown occurred at 7 KV DC. Upon peeling off the 
aluminum can, it was discovered that the can was inadvertently 
touching the grid ring and no breakdown had occurred through the 
‘resin. Further removal of the can resulted in breakage of the | 
base of the thyratron. A voltage of 5 KV DC between grid ring 
and H.V. connector resulted in internal breakdown of thyratron. 
The outside of the potting was wound with a bare copper wire and 
covered with a conductive epoxy. Potted thyratron was tested at 
300°F with DC voltage up to 20 KV without breakdown or corona. 
At 25 KV a sizzling noise was heard which is evidence of corona. 
At 10 KV and 300°F the IC leakage between H.V. connector and 
shielding was one microamp. Nothing further was done on mone 
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potted thyratrons, since in the interim Goodyear had perfected the 
braided expandable top can and had added an aluminum sling in the 
anode area to reduce the bulk of the potting. These techniques 
solved the thyratron expansion problems and no further trouble 


was experienced with the thyratron,. 


Potting Problem on Diodes Sporadic diode failures continued 


- to occur even after rigorous surface preparation, cleaning, 


priming, and strict processing controls were instituted by LMSC and 
Goodyear. 7 Dissection of operable diodes right after potting 
and testing indicated perfect adhesion and no voids » yet after 
sometime at altitude a separation would occur usually at the H.V. 
connector interface. A reject diode and metal potting can were 
obtained from Goodyesrand a diode was potted by IMSC using the 
resin blend, i.e., 60% SC 281 and 40% SC 251 that was evaluated 
for the thyratron potting. This diode was checked out by the 

AC at voltage and altitude without any problems. This diode was 
dissected and examined for internal voids, adhesions and corona, 
none of which were present. Additional silicone rubber potted 
diode failures occurred and further analysis of the problem indi- 
cated that because of the geometric configuration of the potting 
and the excellent bond to the potting can, the only way that the 
Hysol 211 silicone could accommodate any thermal expansion and 
contraction forces or increased curing shrinkage was to split 


itself (cohesive failure) or to part from a bonded surface 
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(adhesive failure). The lowest strength most highly stressed 
area in the diode was the bond to the ceramic H.V. connector. 
When this bond failed, a direct short would occur to the grounded 


can. Diode failures always occurred in this area. 


When there appeared to be no ay out of the problem except to 
redesign the diode potting configuration, additd onal, operable 
diodes were potted by Goodyearin the epoxy and successfully tested 
and dissected. The epoxy offered several advantages over the 
silicone in that its thermal expansion characteristics ware at 
least an order of magnitude lower, it could be easily and rapidly 
post cured to a stable condition without time dependent shrinkage 
problems, and it was physically much stronger and formed a strong 
adhesive bond to the ceramic H.V. connector. The decision was made 
to pot diodes in the epoxy blend and no further trouble a 


experienced with the diodes, 


Lear Siegler Power Supply Two potting failures occurred on the 


Lear Siegler during altitude testing at SC after the Acceptance 
Test Procedure altitude tests had been completed. Dissection and 
analysis of the first failed unit revealed several contributing 
factors were involved. The ceramic bushing on the H.V. capacitor 
did not have the glaze removed resulting in noneadhesion, and an 
air containing adhesive used to bond the potting cup to the 
capacitor was in the field and the resulting corona in the voids 
contributed to the lifting of the non-adhering potting causing an 
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arc along the ceramic potting interface. The potting material 
(Epocast 202/9615) used was not suitable for this application. 
This resin was originally recommended for the individual wire 
terminations and because of short pot life, high viscosity and 
high exotherm, large amounts of this material (such as used for 
the capacitor potting) are difficult to degas. The capacitor 
potting was repaired by IMSC because of a plant vacation shut 
down at Lear Siazler, usinz a lower viscosity longer pot life 
epoxy resin Scotcheast 7R 5073. Potting cup eedsalinn eliminated 
the need for adhesives in the field. The second failure was 
analysed as being caused by voids in the Epocast 202/9615 in the 
channel potting that interconnected the rectifier-transformer 
modules. This pottin;; was changed to SC XR 5073 for the same 
reasons previously noted. After these changes were incorporated, 
no further breakdowns were experienced on the oe Siegler power 


supply e 


2ele7e8 Final Potting Configuration on Vehicle 2355 

The final potting configuration for each H.V. component that was 
successfully flown in Vehicle 2355 is shown in Table 2010728. Figure 
201.7.l shows the final flight configuration of the insulated and 
shielded high voltage components in the Transmitter/Modulator. 
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2.1.8 Vacuum Measurements 

2.1.8.1 High Voltage Breakdown | 

As illustrated in Figure 2.1.8.1, the Paschen Curve - Air, a voltage break~ 
down or arc-producing condition exists when there is a potential of 350 | 
volts or greater across a .10 centimeter gap and in a pressure environment 
between 107 and 10 millimeters of mercury. For a 1 centimeter gap the 
condition exists in a factor of ten higher pressure environment. Since the 
payload system on 2395 uses voltages around the 100 volt level, whichis 
much greater than the minimum mentioned the probability of a breakdown 
occurring is very high if the pressure range as shown on the curve is trans- 
gressed. This pressure range is experienced normally during the ascent 
phase of the vehicle where a pressure of 107) mn Hg is attained at approxi- 
mately 300,000 feet altitude. Most components are not pressure sealed and 
therefore will vent at a rate slightly less than the vehicle itself. If | 
the box has vents it will follow the vehicle vent rate. A sneawtie rise 

in a component can be caused by outgassing as discussed in the following 


paragraph. 


20108.2 Outgassing 
Outzassing is a well lmown phenomena and is a function of pressure, temper 
- ature, and chemical composition of the material in question. All material 
under the proper conditions of pressure and temperature can be caused to 
vaporize with a resultant rise in local pressure. If the outgassing rate 
of the material in a canponent is greater than the venting rate of the box, 
the box pressure will rise. This pressure may rise to a level greater. than 
1073 mm Hg which is the area discussed above. A complete treatise on the 
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BREAKDOWN-~ VOLTS 


PRESSURE (mm, Hg) | 


Figure 2,1,.8,1 Paschen Curve - Air 
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subject of outgassing can be found in "Scientific Foundations of Vacuum 
Techniques" by Dushman and Lofferty, as published in 1962 by John Wiley 
and Sons, Inc. 


2.1.8.3 Vacuum Measuring Requirement 

A Program directive entitled "Requirement for Orbit Pressure Measurements" 
was issued on 8 October 1963. The directive discussed the problems in 
voltads breakdown due to voltage versus pressure relations and requested 
that two classes of experiments be conducted. First was to be the measur~ 
ing of internal rack pressure and internal typical box pressure on an early 
vehicle. Second was to be a correlation of this data with data obtained by 
measuring internal box pressure in controlled laboratory conditions at 
simulated altitudes. Proceeding with this direction, research into vacuum 
gages was started. After selecting m ion gage, built by Lockheed's 
Physical Science Lab, arrangements were made to build not only the ion 
gages but an experinental black box to be entitled a "typical box". The 
gages and black box were to be installed on Due to schedule 
impact and cost, the complete endeavor was stopped and redirection was 
given by the Program Office. The new requirement was to provide a minimm 
of five gages to measure selected box pressures and internal rack pressures 
in the barrel and conical sections of Vehicle 2355 and up. This still met 
the requirement for flight and ground test data correlation as the qualifi- 
cation payload vehicle system (with gages installed) would be tested under 
laboratory conditions in the Temperature and Altitude Simulation chamber. 
All subsequent work was performed under these requirements. 
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2.1.8. Types of Gages Researched 

Under the original requirements two types of ion gages were considered. 
One, designated the Model 1-B was a Lockheed Physical Science Lab design 
that covered the ranze of 107° to 10™ mm Hg. Power required for this 

unit is 5.23 watts at 28.3 VDC + 1 percent. Output of the gage was 0 - 5 
volts. The size and weight of this transducer is relatively small, 1.96" 
dia. X 6.38" long and approximately 1.5 pounds. The second vacuum gage 

was the Model 0-))) designed and built by Alto Scientific Co., Inc. of 

Palio Alto. This unit utilized a cold cathode Phillips ionization gage 

tube and therefore could cover the range of 1072 to 1077 mm Hg. The une 
desirable factor of this gage was that the high voltage was required by 

the Phillips gage tube. This requirement dictated using a bulky step up 
transformer in the electronics of the gage which made the size and weight 
of the assembly comparitively large. The gage was 7.9)" long X 5.25" wide | 
X 2.7" high and weighed 4, pounds. The main power input was 115. volt 

2 KC with 28.3 VDC + 1 percent monitor power and 28 VDC unreg. ON-OFF 
switch power required. The monitor output is 0 - 5 volts over a range 

from atmospheric to 107? mn Hg. After redirection was given as discussed 
above, the requirement to fly five gages made the weight, size, power, and 
cost of the first two gages prohibitive. From information supplied to | 
Engineering by the Program Office a different type of gage was investigated. — 
This was a Pirani or thermocouple vacumm gage. Although this gage is oly 
good down to 1073 mm Hg it is a very small, light weight unit and very low 
priced. ‘Two companies, the NRC Equipment Corp. of Newton, Mass., and 
Hastings-Raydist Inc. of Hampton, Virginia » were contacted and all 
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parameters of the equipment were discussed with their representatives. A 
decision to buy the Hastings-Raydist units were made and the vacuum measure- 
ment system was evolved about these gages as discussed in the following 


paragraphs. 


2218.5 Type of Gage Used 
The gage tube, Hastings-Raydist Model DV-€MX (Fig. 2.1.8.2) is a thermopile — 
device that measures the rise in temperature in a constant current heater 
due to the decrease in the density of the environment in the tube as it is 
exposed to a decreasing pressure from atmospheric to one micron of mercury 
(10°? mn Hg). The tube is a ruggedized device able to withstand high shock 
and vibration levels. It was modified by the vendor to remove an octal 
tube base and add a four foot cable for electrical connections. The tube 
less the cable weighed approximately 2.5 ounces. The power to the tube is 
supplied by the Hastings-Raydist SA-3AE "Sub-Miniature Power Converter" 
which is a DC to AC converter and current regulating device. It also acts 
as the controlling unit for the two in combination. The output of the 
power supply gage tube combination is 0 - 10 millivolts with an output 
impedance of 18 ohms. A superimposed 1.5 KC signal with an amplitude of 

1 to 50 millivolts is on the DC output. The output stability is + 2 percent 
over a range of -55° to +60°C. The power drain is approximately 1 watt at 
28 ye + 1 percent. The SA-3AE weighed approximately 7 ounces. Each gage 
tube was matched with a power supply and calibrated by the vendor. A 
calibration curve was furnished with each matched 


pair. As mentioned, the DC output of the gage has a 1.5KC signal super- 
imposed on it. The first units were designed without a filter for this 
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Figure 2.1.82 Gauge Tube 
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noise as it was felt the differential DC amplifier, Lockheed 1619-1, 
used to amplify the 0 - 10 millivolt output of the gage to 0 ~ 5 volts, 
would filter this out as it has a conmon mode rejection of greater than 
80 db at 1 KC. Preliminary testing revealed this not to be true. A two 
stage low pass filter was designed, tested, and added between the PS~gage — 
output and the amplifier. This reduced the output noise level from 2 volts 
down to 10 millivolts on the 5 volt TIM scale which is a very acceptable 
noise level. The DC amplifier per Lockheed Specification 1)1)703 has a 
gain of 50 to 500; continuously adjustable. The PS-gage tube output of 
0 - 10 millivolts dictates using the macLmun pain setting of 500 to obtain 
aO-5 volt output acceptable to the TIM. The signal input impedance of 

' the unit is 75 K ohms and relative to the 18 obm output of the power 
converter this appears as an infinite load which is the ideal condition, 
The amplifier will operate on 28 VDC + 1 percent and requires 30 milli-«- 
amperes of current maximum. The part weighs approximately 6 ounces . 


2.1.8.6 Gage Assembly Design | 

The design of the bracket to hold the pouee supply and amplifier ons a 
simple problem since the parts were small and lightweight. The original 
assembly did not include the 2 stage low pass filters as this was added 
after preliminary testing. Three connectors are on the front of the 
assenbly and are used as follows: Jl is the power input and signal output 
of the PSegage tube combinations; J2 is the power input and signal input 
and output of the amplifier; J3 is for the disconnect plug of the gage tube. 


The addition of the low pass filter was done very simply by utilizing the 
three screws that held the power died in place. The final configuration 
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is as shown in Fig. 2.1.8.3 


21.8.7 Gage Location 

The locations of the five gage tubes were selected to meet the requirements 
criteria. Therefore two of the gages were mounted such that they sampled 
the interior of the payload barrel section. One of these » designated F100, 
was located at the +Y axis on the aft ring. The other, F101, was at the -F 
axis on the same ring. [F102 and F103 was mounted 50 as to sample the 
interior of payload boxes numbered 7 and 3, respectively. The fifth gage, 
F10h, was used to monitor the pressure of a section of equipment between 
payload boxes 3 and he The power supply amplifier assemblies were located 
such that the four foot cable on the gage tube was sufficient to reach them 


with proper routing and retaining. 


2.1.8.8 Preliminary Test Results 

Since the gage assemblies are not tested until they are installed on the 
vehicle it is necessary to set up the gage~-amplifier relation. This was 
accomplished using the vehicle TIM simulator and reading cout the individual 
monitors while adjusting the amplifiers to maximum gain to attain the S | 
volt output which is relative to 107) mm Hg. The 10°) mm Hg level was | 
accomplished by substituting a Hastings-Raydist vacuum gage reference tube 
number DB-20 in place of the DV=-6MK gage tube. This tube is an evacuated 
tube device (pressure level is marked on the tube) that simulates the DV-6M 
gage tube. The first test in the TAS chamber showed the gages followed the 
chamber pressure down through the 1073 nm Hg range. The test also revealed 
the noise as mentioned in Par.2.1.8.5 was a problem. The filter was 
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Figure 2.18.3 Power Supply - Amplifier Assembly 
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subsequently designed and installed after this test. 


2.1.8.9 Ground Test 

During the TASC test of the qualification vehicle no abnormalities were 
detected. All monitors followed the predicted vent rates or followed the 
chamber pressure down through the limits of the gages. Chamber testing of 
transmitter modulator configurations (in the flight vehicle structure) 
which resulted in Speakon’ caused pressure increases to register on the 
pressure gages. These pressure rises lasted approximately 15 seconds in 
the majority of instances » indicating a release of gaseous or volatile 


substances. 
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| 2e2 Radar Payload 


Introduction The radar payload furnished by the Goodyear Aerospace 
Corporation consisted of five components: 
| Transmi tter-Nodulator 

RF.L.F. Unit 

Reference Computer 

Control Unit 

Recorder 
This section of the report discusses the radar payload to a limited 
degree, to permit general understanding of the fundamentals of doppler 
Side looking radar by the reader. As indicated elsewhere in this 
report, Goodyear maintained full responsibility for the radar when not 
installed in the system. Accordingly, the complete engineering details 
of the radar are to be found in the Goodyear report, entitled Program 
Report, KP-II Orbital Dopp ler Radar, Thor/Agena Satellite Prozram, 
Control Number AKP-II-596, dated 1 March 1965. The contents of this 
gecidoa are generally excerpts from that report, included in the 
interests of completeness of the system report, and the permission 

_for the use of this materials is gratefully acknowledged. The reader 

is referred to the above Goodyear Aerospace Corporation report for 
further information pertaining to the radar payload utilized in this 


mission. 


o 2.2.1 Basic Doppler Theory 
: General Concept The beam-sharpening process used in a doppler, 
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high resolution, side-looking radar may be described by means of 

a physical antenna analog. As the vehicle travels its orbital 

path a series of pulses is transmitted. Successive pulse trans- 
missions are identified with the elements of an array of dipoles. 
The spacing between elements is the distance traveled by the | 
vehicle between pulses. Each transmission is made with a controlled 
phase. The amplitude and phase of the reflected energy from the 
terrain at all ranges and nics within the physical beam width 


of the antenna is recorded on the data film. 


The length of the antenna synthetically generated is basically 
limited to the distance instantaneously illuminated on the ground 
by the physical snitsiiins By the technique of optical processing, 
the amplitude and phase of the returns from the successive pulses 
are estoxinliy added to create the narrow synthetic beam. The 
results of these data are then recorded on a final film. Thus, 
the resolution equivalent to that of an antenna hundreds of feet 


in length is achieved with a small physical antenna. 


Basic Equations The basic equations of a hizh-resolution radar 
are most easily developed if the analysis is restricted to the 
slant-range plane of a single-point target. Figure 2.2.1.1 shows 
the geometry involved. R is the distance to the target from the 
antenna at time t. At time t = 0, R, is the distance to the target. 


The angle @, is measured in the elant-range plane to the center of 
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FIUURE 2.2.1.1 - wecniaid of a Point Target in the Slant Range Plane 
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the antenna beam at slant range %,. Several combinations of pitch 
and yaw will yield the same angle @,. From the geometry of 


Figure 2.2.1.1 the instantaneous range R to the target is 


— | 1/2 
R =IR.~ + (vt) - 2R, vt sin 6, [2 | (4) 


] 


As the beam width of the physical antenna is small, the ranve 
duriny the period when the target is ilJuminated may be closely 
approximated by taking the first few terms of the binomial | 


expansion of Equation (1): 


vt sin 6 a: 
| | re] vt ’ 
R = R, ( - a + 1/2 Re cos @,) : (2) 


The range dependence on tine is reflected in a phase dependence 
on time of the return signal. The dependence of phase O of the 


return signal on time is 
o = 20ft- “yo te (3) 


where 
f., = the transmitted frequency 
ra * the wave length of the carrier 


§, = the phase change caused by reflection. 


Equations (2) and (3) may be developed into — 


2 
47 ; 2m vt 
o = emt ,t + vt sind, - “Roh 


; cos” o, + (4) 
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where 


The eotaie Signal is synchronously demodulated with respect to 
some ietevence frequency to remove the carrier, It is desirable 
for the reference frequency to be the frequency of the return 
siznal when the fangs is at the sanken of the beam. The phase 
of the return signal when the target is at the center of the bean 


and at range Rj is given by 


|  amR, | 
is = emf it ~ — +o, = | (5) 
The frequency will be 
| | dR 
1 dy¥ _ if _ an 1 
f. " e7dt heat, NN a) - (6) 
From Figure 2.2.1.1, however, 
eal an ; (7) 
e dt > dt t = 0 e . 
Therefore, from Equation (2) 


“de = ~v singe, 
Then, substituting into Equation (6), 


aoe eas | 
f. = f. + =~ sin a, (9) 
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Therefore, f, is the frequency that will be used for synchronous 
demodulation. ‘The synchronous demodulated signal will have the 


form 


S(t) = A(tyRe |e J27#zt (e34)| (10). 


2m(vt)” cos" o, | 
= A(deosf— yp — ae (2) | 


where A(t) denotes the amplitude of the return which is a 
function of the reflectivity of the target and its position in 


the antenna beam. When 


fp) = n(n) 
0, = 4 
and 
A(t) = K 


Equation (12) reduces to the familiar expression 


2 
27(vt | 
S(t) = K con (2ztutl ) ; (12) 
m 
The sical recorded on film at range R, will be of the form 
S(x, R_)=T + KY cos (25% ) 
7m! ~ “b om (13) 
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where 

tT = the transmissivity of the film 

K* = some constant times K,. | 
From Equation (9) it is seen that all scatterers at an angle @, 
and with velocity v will have the same frequency. It follows 
that the locus of all possible scatterers whose returns have the 
same frequency is one nappe of a riht circular cone with semi- 


apex co~angle @, whose axis contains the velocity vector. 


The locus of points on the earth can be visualized if the inter- 
section of the above doppler cone with a plane tangent to the 
earth at midmapping range is considered. Since the range 
interval mapped is small, the mathematical model so described is 


a good approximation near the point of tangency. 


Ambiguities Two types of ambiguities -~ range and azimith _ 
are inherent in a coherent high-resolution radar and provisions 
must be made to avoid them. ‘The rangeeambiguity problem is 
common to all pulsed radar and is usually avoided by lowering 
the prf so that the so-called "second~time-around" targets are 
not seen by the radar. However, the consideration of azimuth 


ambiguities yields another set of constraints on the choice of 


prf. 


For a processor operating about zero doppler the information spaced 


at + v from zero doppler is ambiguous. This angular spacing is | 
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given by 
nvAF 
Le ras (14) 
where 
n= a positive integer, 1, 2, 3, .. | 
X = carrier wave length 
F = orf 


v = radar velocity. — 


The focused processor used with this system operates about an 
| offset of prf/l and is unable to distinguish between positive- 
and negative-going frequencies so that the ambiguity spacing is 
given by | 
Y = nAXF 
n 4v_ | (15) 
For most high performance radars it is desirable to choose a 
prf such that the first azimuth ambiguity is placed in the vicinity 
of the first null of the physical antenna agimth pattern. This 
choice of prf places an upper bound on the size of the mapped 
interval. This constraint in turn dictates the antenna height, 
since from the range-ambiguity standpoint the vertical antenna 
pattern is employed to avoid range ambiguities. It is readily 
deduced that ambiguity constraints are a determining factor in 
choosing antenna dimensions for a satellite radar. These 


considerations will be discussed further in Para. 20203. 
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2e2e2 ata Processors 

The most successful type of high-resolution processor thus far is the 
optical correlator.* Considerable insight into the optical processor 
is possible if the properties of a ati wave diffraction grating are 
consicered. Figure 2.2.2.1 shows the three principal emergent rays 
from a sine-wave diffraction grating resulting fron an incident plane 


wave of coherent lijht. The angle © is defined thus: 


peach | (16) 
where 
)' = the wave length of tiie coherent light — 


f = the spatial frequency of the sine-wave diffraction grating. 


Now consider a diffraction grating of the form cos (27x 2/ A'R,). This 
is of the same form as the demodulated return siznal from a point 
target (Equation (13). Assuming a one-to-one scale factor in néaded- 
ing the demodulated return, the spatial frequency is 2x/ "Rae From 
Figure 2e2e2e2 the distance r to the crossing of the zero axis is 









given by | 
re_x_, (a7) 
tan 0 
For small angles 
tan9 = sinO@=#9 ., | (18) 
- : 
sea IR R | 
eet 
r = rf =~ “HNIEx ane) | (19) 
These devicas are commonlv know as correlators because the original 
conception, [iii TET vas an optical 
cross-correlator. | 
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FIGURE 2.2.2.1 = Geometry Illustrating Fruenhofer Diffraction 
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Figure 2.2.2.3 ~ Three Wave Fronts of a Parabolic Phase History 
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which is to say that the diffracted light focuses on the zero (doppler) 


axis at a distance R/2 from the grating (data film). 


From Figure 2.20201 it is recalled that there are three principal 
emergent waves. For the cosine x grating the three waves are defined 
thus (see Figure 2.2.2.3): | | 
o Converging wave front focused at a distance r on the axis 
ve Diverging wave front with a virtual image at a distance -r 
on the axis | 
° Plane wave front focused at infinity. 


The converging wave front focuses at that angle and at that distance 
away from the recorded phase history which corresponds to the same 
angle and the scaled-down distance (proportional to the ratio of 
light-to-radar wave lengths and aircraft motion-to-film-scale factors) 
of the radar space where the data were recorded. Unfortunately, in a 
practical case the ratio is nes nearly high enough and a converging 
lens mist be used to bring the desired spot into focus at a convenient 
distance. Of course the other two wave fronts al3o come to a focus 
then but since they lie at different aasiaa they can be blocked off 
fron the final film with an appropriate optical stop. However, from 
Equation (19), the focal distance is a function of ranges therefore, 
the lens must have a converging power which varies with range, giving 
rise to a conical shape. A cylindrical lens is also required to 


maintain target separation in rang@e 
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Thus, the basic elements of an optical processor are a coherent light 
source, optics to focus range and azimuth data onto a single plane, and 
film drives for transporting both the data and image films. 


The optical processor for this system is being provided by the 


2.2.3 System Analysis 
Antenna Length Relationships Equation (9) demonstrated that 


the basic equation for the doppler frequency of a scatterer is 


ZV | | 
f, = —<+ sing . (20) 
where 

V, = relative velocity 

A = radar wave length 

@ = angle to scatterer measured from the perpendicular to 


the relative velocity vector. 


Using Equation (20) with Reaation (15) and the small angle 
approximation » the first ambiguous frequency is seen to be F/2, 
To avoid illumination of this frequency it should be placed at 
or beyond the first null of the physical antenna pattern. Using 
this criterion, | _ | 


2V (21) 


K xX 
F _ r a 
> = x sin D 





SECRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE ’ 
DECLASSIFIED BY: CHART 


_ DECLASSIFIED ON: 9 JULY 2012 SECRET SPECIAL HAN DLING 


(4ViK, 


ont) a (22) 
where 
Ke = constant greater than unity 
D = length of physical antenna. 
The value of K, varies depending on the type of antenna i} umination 
used in the horizontal plane and the degree of suppression of 


azimith ambiguity that is desired. 


The basic equation for conditions of range ambiguity is 


re: © eae | 
2OR , max | (23) 


where AR, max - maximum unambiguous slant range interval. 
Equation (23) assumes a vetical antenna pattern which has a 
square-shaped beam illuminating only the desired slant range 
interval. To account for the actual vertical beam shape, 
Equation (23) may be rewritten as 

C 


F--—o _ | 
.2K_ OR, | (2h) 


where 
K, = constant greater than unity 
OR, = slant range interval mapped. 


The value of K, varies depending on the type of antenna illumination 


used in the vertical plane and the degree of suppression of range. 


ambiguity which is desired. By using Equations (22) and (24) and 
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solving for ‘MR,, the following relationship is obtained: 


CD 
R= pe Ct | (25) 
s ok, K.V,. 


This equation shows that the slant ranze interval which can be — 
mapped is directly proportional to the length of the physical 
antenna. It is also seen that increasing K, or K, to reduce 
ambiguity levels will reduct the interval mapped. | 


Because of the physical limitations imposed by the vehicle, the 
length of the antenna was chosen to be 15 feet. ‘To have as 
| narrow a beam as possible, uniform illumination was chosen for the 


horizontal plane. E 


Antenna Height Relationship In this system the vertical pattern 
of the antenna is used to control the level of the range ambiguities. 
The geometry of the problem is shown in Figure 2.2.3.1. In this 
figure, the distance C/2F is the slant range interval | between points 
of ambiguity such as A, A', and B, Bt, The angle a is the 
- angle between the ambiguous returns. The slant ranze to point 
Ais R, and to At is Ro. The slant range to point B' is Rua 
and is measured along the bore sight of the antenna. The problem 
4s to illuminate as mch of the slant range cnterval from A to A! 
as possible while maintaining the level of range ambiguity to ;: 
reasonable value. The final choice of antenna height must also 


be within the physical limitations imposed by the vehicle. 
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A typical two-way power patt:r is shown in Figure 2.2.3.2. ‘The 
dotted lines indicate the useful portion of the beam. This 
portion was selected to be the 6<db width since this choice leads 
to a realistic sensitivity time control requirement. There are. 
two types of ran:te ambizuities which can be encountered. The 
first oe when targets illuminated by the sides of the main 
beam are ambiguous with respect to targets in the useful portion 
of the beam. This type can be referred to as main lobe ambiguity 
and is illustrated by points C, C' of Figure 2.2.3.2. The second 
type occurs when targets illuminated by side lobes are ambiguous 
with respect to targets in the useful portion of the beam. This 
type, referred to as side lobe ambiguity, is illustrated by 
points D, D® of Figure 2.2.3.2. 


For a zsiven prf a for a given ambizuity angle a : a fixed set 
of points on the pattern becomes ambiguous with points in the use- 
ful portion of the beam. To illustrate graphically an ambiguity 
situation, the pattern of ambiguous points can be shifted by the 
angie a or miltiples of & so that the ambignity seins are 
placed directly peneath the useful portion of the beam. This 
technique is shown in Fiyure 2.2.3.3. In this figure only the 
ambiguity caused by the first rizht~hand side lobe is shown for 
clarity of illustration. By varying the amount of shift, different 
amounts of ambiguities are introduced. In the case shown no 
amoiguity is being caused by the sides of the main lobe, : 
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Figure 2.20302 - Typical Two-Way Power Pattern 
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RADIANS 


Figure 2e2e3e3 - Qwo-viay Power Pattern for Uniform TLiwmination and as 
Leap, 
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In the course of the ori.inal investigation, a number of types of 

antenna illuminations were considered and various spacings 

evaluated. The results of this study showed that by choosing the 

angle & so that main-lobe ambiguity was minimal, the largest 
portion of the slant range interval could be mapped consistent 

with low aubiguity levels. Increasing the ambiguity angle did not 

rapidly reduce the ambiguity level but did reduce the amount mappe d. 


The results of this study are shown in Table I. 


TABLE I 


SUMMARY OF AMBIGUITY SPACING REQUIREMENTS 


pe of Ambiguity ecentage of maximun 


Typ Level of First Pr 
Illunination spacing Side Lobe (Two-way) (db) Interval Mapped 


Uniforn Lely rN 26el) 0.61 
~~h 

Cosine 2.10, 46.0 0.87 

Cosin 2 Ze 2 7 64.0 | | 0.53 





Referring to Figure 2.2.3.1, the value of & was calculated to be 
0.0801 radian for the nominal. altitude of 130 nautical miles, a 
prf of 8500 cps, and a depression angle of 55 degrees. This value 
of prf was based upon azimuth ambiguity studies. Using this value 
of & and the ambi;nuity sseeins relationships shown above, the 
required antenna heighis for the various types of illuminations © 


were found to be: 
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Uniform 1.8 feet 
Cosine 2.1 feet 
Cosine@ 3.5 feet 


Because of physical limitations of the vehicle, the uniform 
illumination type was chosen with a heightof 1.8 feet. This 
choice also allowed mapping of the largest portion of the slant 


range intcrval. 


Clutterlock Loop Analysis 
General Requirements of Clutterlock Loop § The clutterlock loop 
is designed to orient the narrow synthetic array, generated by the 
coherent radar, along the axis of the physical antenna. It is 
generally seaiued that the exact bore sight of the physical antenna | 
with respect to the velocity vector is unknown and furthermore is 
changing at some limited maximm rate. The clutterlock must ascertain 
the antenna bore sight and cause the system to align its own syne 
thetic pattern. Secondly, the clutterlock must follow the physical 

| antenna with a small enough hang-off error to avoid ambiguities in 

: the data and yet move slowly enough to avoid the destruction of 

| coherent buildup in process at the recorder. A moment's reflection 

will show that complete compliance with these requirements is an 

impossibility, particularly if the rate of angular rotation of 


the physical bore sight is large. 
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Conceptually, the clutterlock operates by measuring the positive- 
or negative-going phase shift of the targets within the beam on 


successive returns. This process, of necessity, depends on the 
statistical nature of the return signals. srror may occur because 
of a predominance of targets in one side of the physical beam or 
because of very large targets not symmetrically located. These 
sources of error are largely eliminated if the time constant of 

the loop is long compared to the transit time of a single target 
across the beam. Further help is available in reducing the 

effect of very large targets by allowing the video used in the 
clutterlock to be limiting a substantial portion of the time, say 


50 percent. 


2.2.) Radar System Block Diagram 


Simplified Block Diagram of KP-II Radar System Figure 22elel 
shows a mach simplified diagram of the radar system. Block 1 


provides the various timing pulses while block 12 generates the 

| required frequencies. During the transmit mode the signal flow 
4s via blocks 1 through 10 inclusive. The modulator trigger 
pulse triggers the 0.06-microsecond pulser of block 2 and the 
modulator of block 11. The output of the 0.06-microsecond 
pulser is filtered and imposed on a 70-mc carrier producing 

‘the 7O-me sine x/x pulse. The switches of blocks 4 and 6 are 

- eontrolled by the On-Gate (present in the transmit mode) so that 
the sine x/x pulse if passed down the i-f chirp line to the mixer 


of block 7. Block 7 converts the signal to f,, at which frequency 
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Figure 2.2461 - Simplified Block Diagram of KP-II Radar System 
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further amplification is obtained in the twt, block 8. Next, 

the twt output goes to the transmitter (block 9) in coincidence 
with the high-voltage pulse from the modulator (block 11). ‘The 
tranamitter output passes finally through the TR/ ATR box | (block 10) 


and on to the antenna. 


With the disappearance of the On-Gate the system reverts to the 


receive mode. The signal flow in the receive mode is via blocks 


10, 13,5 h, 55 6, lh, 15 and 16. 


The cotarning signal passes the TR/ATR box (block 10) and is 
immediately reduced to 70 me by the mixer (block 13). The 
switches (blocks i and 6) allow the signal to pass the i-f and 
chirp line (now a dechirp line) and continue to the demodulator 


(block 1). 


Because of the side band inversion process the output of the i-f 

line (block 5) is recompressed into a series of 0.06-microsecond 
target returns. Block 1) reduces these returns to bipolar video 
which is amplified and recorded. The recorder (block 16) is also 

the recipient of a sweep trigger which controls all recorder timing 
and the stc function. The reader is referred to the above referenced 


Goodyear report for further system details. 
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22.5 Component Description 
The radar payload units are described briefly, including weiyhts, 


photographs and electrical functional descriptions. ‘he radar consisted 
of five units, of which the desijn center values of weights and volumes 
are given in Table I, oelow. 
TABLE I | 
RADAR UNITS VsIGHT AND VOLUME 





| Unit ey a fon aa 
Transmitter 130 203 
RF-IF 7 1S 
Reference Computer _ 46 1.2 
Recorder 7 110 220 
Control | 37 0.5 
Totals 370 725 





The actual weight of the equipment flown was 348 pounds. 


| The payload components, excepting the recorder, were mounted in the 
cylindrical section of the payload vehicle between Station 228.0 and 
‘Station 19.0. The transmitter-modulator was mounted in a Goodyear 
fabricated cradle, having four side mounts with vibration isolators. 

The RF-IF was attached at six points - two side mounts and four base 
mounts. The design center values of system power requirements are given 


in Table II. 
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Basic System Parameters 
Frequency - Transmitter Carrier 9600 mc 


Pulse Repetition Frequency ; 8215 to 873C CPS 
IF Frequency | | 70 me 
Average Power 2h6 to 262 watts 
Peak Power -30 Kw. 


Transmitter-Modulator Mlectrical Design | The function of the 
Transmitter-Modulator (see Figure 2.2.5.1) is to provide a high- 


power pulse of at least 30-kilowatts peak by amplifying the chirped 
signal from the RF-IF mit. This amplification is provided by the 
five-cavity klystron which is cathode-pulsed by a line-type | 
modulator. ‘This klystron provides linear amplification and pre- 
serves the amplitude and pulse characteristics of the input 

drive pulse. 


The Transmitter-Modulator will be described by breaking it down 
into three major divisions: modulator, timing and trigger circuit, 
and overload and protection circuit. Each of these functions will 


be discussed in the following paragraphs. 


Modulator The function of the modulator is to provide the 
proper voltage for operation of the Klystron r-f amplifier. This 
voltage is applied as repetitive negative pulses to the cathode 
of the tube. Each pulse is about 28 to 30 kv in amplitude and 


approximately 1.2 microseconds in width. The circuit produces 
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Figure 2.2.5.1 = Transuitter-Modulator 
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these pulses at a rate of 8215 to 8735 pulses per second, 


A simplified diagram of the modulator is shown in Figure 2.2.5.2 
along with some of the voltage and current wave shapes. These 


pulses are produced in the following manner: 


At the beginning of the charging cycle the capacitance of the 

pulseforming network (pin) is almost completely discharged and 

the thyratron is cut off. The inductance of the pulse transformer | a 

is small compared to that of the chargin: choke. The constants | | 
- of the pfn are chosen for the pulse width desired and the inductance 

of the charging choke is chosen so that it forms a series resonant 

circuit with the capacitance of the pfn. The resonant frequency 


is approximately one~half the lowest prf: 


. PREF 


{= ao = | 2 Bes 
in the absence of the charging diode.CR1, the inrust of current 

‘ to the pfn would normally cause a damped oscillation to be set up 

| with the voltage E across C rising to approximately twice the 
i power supply voltage (assuming negligible drop across the pulse 
i transformer) and finally approaching the power-supply voltage as 
steady-state value. This discharge action is prevented and 
the charge is maintained on the pfn because of the forward diode 
in the eon circuit which will not allow the current to 


Yreversee 
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Figure 2020502 ~ Simplified Schematic of the Modulator 
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The timing is such that the bea voltage on the pfn occurs just 
before the trigger pulse to the thyratron. ‘hen tne thyratron is 
trig.:ered it shorts the input of the pin to ground. The pfn is 
now directly across the pulse transformer and the energy of the 
pfn is completely discharged through the pulse transformer to the 
klystron. Since the characteristic impedance ‘of the pfn is 
matched to that of the pulse transformer and its load, a voltage 
pulse approximately 5/2 in amplitude and 1.2 microseconds long, 
is impressed across the pulse transformer. This pulse is 
stepped up by the pulse transformer to a 30-kv pulse across the 
Klystron amplifier. This causes the tube, during the high-voltage 
pulse, to amplify the r-f signal being eattted to its input 
cavity. 


In practice, the impedance of the pfn is dasijned to be slightly 
higher than that of the pulse transformer and its load. This 
causes the voltage E to go slightly negative at the end of the 


ae 


discharge and effectively cuts off the thyratron. 


This charge and discharge process is repeated at the prf rate 
causing the klystron to amplify the high-power r-f pulse 

(30=-kw peak) each orf period. This pulse is then radiated by the 
antenna. 


Timing and Trigger Circuit 
This circuit makes use of a delay line, an avalanche-trigger 
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amplifier, and a blocking oscillator. The function of the 
circuitry is to properly delay and develop the voltage trigzer 


required by the grid of the thyratron. 


The incoming 5-volt modulator trigger is coupled to the delay line 
which is adjustable from 0 to 0.65 microsecond in 0.05-microsecond 
increments to a value as required to properly align the system 
pulses with the inherent delays found in the existing cables and 


circuits. 


The output of the delay line is used to trigver a transistor delay 
line controlled avalanche stage. The avalanche stage develops 
sufficient voltae to drive the grid of the cathode follower which 
in turn trigzers the blocking oscillator circuit. The cathode- 
follower method of trigvering the blockinz oscillator was chosen 


since it is adaptable to high prf rates. 


The blocking oscillator, which is of conventional design, develops 
a high-voltage, medium-power pulse to drive the grid of the 
hydrogen thyratron. The grid pulse amplitude, pulse width, rise 
time, and driving impedance are specified by the thyratron 
manufacturer’. To assure stable and reliable operation all these 
conditions must be met, particularly when operating at high prf 
rates. This blocking oscillator has an amplitude of 250 volts 
and is capacitively coupled to the thyratron grid. <A despiking 


network in this circuit prevents large voltage spikes produced by 
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the hydrogen thyratron during ionization from being reflected into 


the blocking oscillator circuit. 


Overload and Protection Circuit 

This circuit monitors the inverse current, power-supply overload, 
the time delay, and the temperature of the klystron collector. 
All of these signals either operate or feed through relays to 
provide a voltage to turn off the high-voltage power supply in 
case of malfunction. 


RF-IF Electrical Design 
General The RF-IF unit (see Figure 2.2.5.3) has two basic 


functions: it generates the chirped pulse that is amplified by 
the Transmitter-Modulator, and it serves as the receiver section 
of the radar systen, Since most of the unit concerns itself with | 
chirping and dechirping pulses, it is necessary to explain what 
these processes are before discussing the detailed circuitry. 


In the transmit section of the circuit this unit receives a 0.06~ 

r microsecond, sine x/x pulse from the Reference Computer from which | 

: | it generates a linear sweep-frequency pulse for the r-f drive to 
the transmitter. This is achieved by feeding the sine x/x pulse 

| through a chirp network where all the frequencies are delayed | 
according to their frequencies. The chirped pulse avaress as a 
1.0-microsecond pulse. The rf in the 1.0-microsecond pulse is a 
linearly frequency-modulated signal with the start of the pulse 
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Figure 2.2.5.3 = RF-IF Unit 
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being f) and the end of the pulse being f9. The frequency content 
of these pulses requires an information band width of 15 megacycles 
which is sufficient for the required 50-foot resolution with some 
additional allowance previded. All of the chirping | 

E circuitry is designed around a 70-megacycle frequency. The chirped 
pulse is later mixed with the appropriate signals to translate 
it to an X-band frequency. It is then amplified by the transmitter 
and becomes the transmitted signal. This burst of energy upon 
being reflected by a target is then detected by the receiver. 


The receiver portion of this unit includes X-band wave guide 
sections, ter tubes, a microwave mixer, circuits for dechirping 
the returned sigiai, and circuits for providing amplification at 
the i-f frequency. The wave guide and t-r tubes perform the 
duplexing function of the system and provide protection for the 
receiver from the high-powered pulse from the transmitter. The 
losses in this wave guide and the performance of the microwave 
mixer~amplifier determine the minimm sensitivity of the system. 
Once a returned signal is detected and amplified it is sent through 
the chirp network where the linear sweep-frequency pulse is 

- pecompressed into the original 0.06-microsecond sine x/x pulse. 
How well this pulse resembles the original pulse is a measure 
of proper system performance. In actual operation the returned 
signal has experienced a doppler shift that results in the sine 
x/x pulse having. slightly different frequency content. In the 
reference canputer this pulse is detected in a synchronous 

2=35 


SECRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE | 
_ DECLASSIFIED BY: CNART 


ACO1,306 
DECLASSIFIED ON: 9 JULY 2012 ) SECRET SPECIAL HANDLING 


demodulator where it is compared with the reference frequency for 


determination of the doppler shift. 


Transmitter Circuit Function The RF IF unit functional block 


diagram is shown in Figure 2.2.5.4. The transmitter and receiver 


sections time-share the center i-f amplifier portion of the 


circuit. The signal flow through the transmitter section, 


beginning with the 99-megacycle oscillator, is as follows: 


\° ] 


| 99-Megacycle Oscillator 


This oscillator is the stable local oscillator (stalo) of the 
radar system. It is highly stable over short-term periods and 
is tuned to a frequency of 99.275 megacycles. This frequency 
is mltiplied to the X-band region in the frequency mitiplier. 


Frequency Multiplier — ' 
The frequency miltiplier utilises the harmonic generation 


property of varactor diodes to multiply the stalo frequency 
96 times and provide enough power at this frequency to drive 
the receiver mixer and the l0-megacycle mixer. 


Me e Mixer 
The output of the frequency miltiplier is mixed with a 10- | 
megacyole signal from the Reference Computer and forms two 
side bands in the X-band region. One of these side bands is 
filtered out before reaching the 70-megacycle mixer. The 
10-megacycle from the Reference Computer is derived from the 


basic 70-megacycle oscillator to maintain phase coherence. 
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Figure 2.2.5.4 = Functional Block Diagram of RF-IF Unit 
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This mixing operation is required only in the transmitter chain 
since the transmitter signal must be frequency~inverted so 

that is can be sent back through the same chirp network. Other~ 
wise the returned pulse would be further expanded instead of 


being recompressed, 


0 Filter 
This unit is an X-band wave guide filter that selects the 
upper side band from the 10-megacycle mixer so that the 
transmitter signal is frequency~inverted, 


o06Co70-Me pacycle Mixer 


The 70-megacycle mixer, during the transmit period, accepts 
the 9670-megacycle signal from the filtered | 1y0-megacycle 
output, and the linearly swept 7O-megacycle pulse from the 

i-f channel, and mixes them, The two resulting side bands are 
frequency swept, one sweeping from low frequency to high fre~ 
quency 9 the other doing the opposite. The lower one » which is 
in the pass band of the tranamitter, is amplified while the 
undesired side band is reflected from the transmitter and 
absorbed in a load isolator at the output of the twt amplifier. 


o TI Amp Lifier 
This tube amplifies the relatively small 9600-megacycle power 
output to about 250 milliwatts which is sufficient to drive 
the klystron amplifier in the transmi tter. Operation of this | 


SECRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CNART 


DECLASSIFIED ON: 9 JULY 2012 SCRE S PECIAL HANDLIN G 


tube is such that it provides linear amplification of the 
Signals without appreciable phase shift. 


Receiver Circuit Function In the preceding transmitter dis- 
cussion the transmitted pulse generation was discussed. The 
receiver description will therefore begin with a signal returning 
to the duplexer: 
o Duplexer 
The duplexer consists of wave guide sections, a 3-db hybrid, 
and a t-r tube. During the transmit period the duplexer pro- 
tects the receiver from the high-power transmitter pulse and 
directs the transmitter pulse to the antenna. During the 
receive period the duplexer allows the ne ean received 


pulses to pass on to the recaiver. 


o 6©Wave Guide Switch | 
A wave guide Switch is included in the wave guide run to the 
receiver mixer. This switch provides protection for the 
receiver crystals when the system is not in operation and might 
r be damaged from high-level pulses from some outside source. 


eo 


a © Receiver-~Mixer lifier 

| | 
=e This unit has a balanced crystal detector input stage followed 
ee 


by a 70-megacycle preamplifier. The mixer converts ‘the X-band 


| es 
i 


return pulses to the 70-megacycle i-f frequency by mixing with 
the local oscillator frequency. The design of this unit is such 
that it will provide a receiver noise figure of 10 db when 
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Oo 


installed in the unit. There is a gain of about 2h db in the 
preamplifier which ensures that the noise fijmre of the 
amplifiers following the mixer-amplifier will not degrade the 
over-all er figure of the system. The output of the unit 
is an i-f signal (70-megacycles) that is further processed 


elsewhere in the system. 


I-F Switch 

The i-f switch allows the chirp network to be time~shared by 
the transmitter and the receiver. During the interval of time 
that the transmitter is on, the receiver's normal function is. 
disconnected. At that time the sine x/x ae fron the 
Reference Computer is fed through the i-f amplifiers and chirp 
networks so that it is changed into a 1,.0-microsecond pulse 
having a linear frequency change during the pulse. At the end 
of the transmitting period the switch returns the receiver/i-f 
amplifiers and chirp networks to their normal functions of 
amplifying and dechirping the return sohnee, 


I-F Amplifiers 


These amplifiers are provided to amplify the return signals 
and to overcome the losses of the chirp network. They 

operate at a center frequency of 70-megacycles and have a 
band width of about 15 megacycles, which is the information 
band width of the amplified pulses. Each amplifier has a gain 
of about 30 db and has provisions for adjusting the ann by 
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6 db with a three-position step attenuator on the front of the 
unit. | | 


°o.)6h6UC Network 
The chirp network is divided into halves and interspaced with 
i-f amplifiers to overcome the losses in the networks and to . 
keep the signal above noise level. These networks are passive 
filter elements taking the form of a bridged "I", Their design 
is such that they exhibit a linear phase delay versus 
frequency characteristics for all frequencies within the pass 
band. Therefore, whenever a sine x/x band of frequencies ; 
centered at 70-megacycles, is fed into the chirp network, it 
produces an expanded pulse of nearly constant amplitude with 
a linear frequency change from the start of the pulse to the 
finish of the pulse. When the expanded pulse is inverted in 
frequency and fed back into the network, the original sine x/x 
pulse is reconstructed by the network. This reconstructed 
pulse is then amplified and sent to the Reference Computer as 
a detached tarzet return. 


© Automatic Gain Control and Sensitivity Time Contro} 


These functions are inputs to the R-F/I-F unit fron the 
Reference Computer and Recorder, respectively, and are 
described in the sections covering these units. 
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Reference Computer Electrical Design 
eration The operation of the Reference Computer (see Figure 


2026525) is best described by breaking it down into four major 
divisions: synchronizer, r-f section, clutterlock, and self- 
verification and signal conditioning. 


o Synchronizer 
The synchronizer section generates the basic timing and 


control signals for the radar. These signals are sweep 
trigser, modulator trigger, on-gate, and unblanking gate. 

The synchronizer section also generates the following signals 
for control and timing of the computer: prf/l and complement, 
prf/2 and complement, block oscillator trigzer and doubler 


gate. 


The synchronizer section consists of a crystal~-controlled 
clock at 2.07065 mc + 1000 cps and a counter with controlled 
feedback. The feedback is controlled by four di gital-control 
lines. The state of the four control lines is either +28 or 0 
vde and is determined by the prf selection. The four input- 
control lines are applied to four control ere This 
enables a total of 16 prf selections which vary from 8.735 to 
8.215 ke with a separation of approximately 35 cycles. This 
method of producing a variable prf has proven very successful | 


in minimizing jitter. Jitter is less than 0.01 microsecond. 


SEERET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


rosea og 


td 


' 


oo 


NRO APPROVED FOR RELEASE 


DECLASSIFIED BY: C/ART 
DECLASSIFIED ON: 9 JULY 2012 

















“SEGRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 














NRO APPROVED FOR RELEASE “7 | 
DECLASSIFIED BY: CART ACOL306 


DECLASSIFIED = 2012 7 SECRET SP ECIAL HAN DLI NG 


‘During each cycle of the counter, a modulator trigger, on~gate, 
| sweep trigger, unblanking gate, doubler gate and B. 0. trigger 
are generated, using the logic provided by the counters, to 


trigger the necessary circuitry. (See Figure 2.2.5.6.) 


o Ref Section 
The r-f section generates the following signals: 1)0-me pulse; 
0.06-microsecond, 7O-me (sine x/x) pulse; 7O-mc reference 
signal offset by 90 degrees each prf; and an age control 
signal. See Figure 2.2.5.7 for a block diagram of the r-f 


section. 


The r-f section is composed of a crystal-controlled, 70-=me 
oscillator which has two isolated outputs. One output is fed 
to a phase-stepper which is also supplied with the logic of | 
prf/, prf/h complement, prf/2 and prf/2 cup laaant which 
causes the reference signal to be stepped 90 degrees in phase 
each prf. The output of the stepper is the offset 70=me 

_ reference supplied to the doubler and to the balanced modulator. 
The logic lines supplied to the stepper are generated in the 
gate sequencer by counting down from the prf. This logic is 
also fed to the video gate board, | 


The 140-mo pulse is generated by a doubler circuit from the 


70-me reference and is gated by an inverted on-gate. 
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Figure 2.2.5.7 = Block Diagram of R-f Section 
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The 0.06-microsecond, 70-me pulse is generated by first 


tri.:gering a blocking oscillator circuit which utilizes an 
avalanche transistor to produce a 0.06-microsecond square 

wave, The 0.06-microsecond square wave is fed to a special 
Fourier transform filter designed for a flat pass band and 
linear phase shift between limits of 0 to 7.5 mc. The output 
from the pulser, a classical sine x/x time domain spectrum 
distributed symmetrically about the Yeaxis center frequency, 

is fed to a balanced modulator where the 1O0-mc offset reference 
is modulated by this signal producing a 0.06—microsecond, sine 


x/x, 70-mc suppressed carrier signal to the radar, 


The r-f section also has a high-resolution synchronous 
demodulator which demodulates the i-f input using as a 
reference the output of the single side—-band (ssb) modulator 
whose output is offset from the 70-megacycle reference by the 
audio frequency from the clutterlock section. An age voltage — 
of O to -6 volts is produced as a function of the i-f input 
signal. 


Clutterlock Section 


The basic purpose of the clutt.:rlock section is to generate 
sine and cosine error signals to the ssb modulator to 


compensate for angular displacement of the antenna beam with 


respect to the zero doppler direction. 
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The clutterlock section (see Figure 2.2.5.8) consists of a 
video amplifier, video gate, storage and switching module, 
approximate m]tiplier, audio synchronous demodulator, audio 
filter » D0-ke reference generator, voltage-controlled 


oscillator, and an integrator reset. 


An output from the synchronous demodulator (Figure 2.26507). 
is amplified and fed to the video gate. The video gate 
transfers the signal to the approximate mltiplier and the 
storage and switching module. The signal transferred by 

the video gate is 60 microseconds of information following 
the blocking oscillator trigger. The information trans- 
ferred to the storage and switching module is stored on 
eight sampling capacitors. Following the next blocking 
oscillator trigger these capacitors are sampled and the 
output is fed to the approximate miltiplier through the video 


gate. 


In the approximate mltiplier the phase difference between the 
transferred and the stored video is detected. This means that 
the phase of the return from consecutive pulses is compared, 
Because of the 90-degree offset between prf's (providing the 
synthetic beam is centered with respect to the zero-doppler 
plane) the video signals will be 90 degrees out of phase and 
will be zero. The detector output will be one polarity for a 
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Figure 2.2.5.8 = Block Diagram of Clutterlock 
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forward misalignment of the antenna beam and of opposite 


polarity for an aft misalignment. 


The output of the integrator is fed to a voltage controlled 
‘oscillator (veo) whose output is from 40 to 60 kc, depending 

on the output of the integrator. The output from the audio 
synchronous demodulator module is then two quadrature sinusoidal 
signals chopped at the vco rate. These quadrature Signals are 
then applied to a low-pass filter which eliminates all except 
the difference components. These two signals, sine and cosine Py 
ane fed to the ssb modulator, | 


The inputs to the seb spaiiatan are the sine and cosine signals — 
and a 7O—me reference signal. The ssb module consists of two 
balanced modulators which are driven by the sine and cosine 
signals, respectively. The references appli ed to the balanced 
modulators are the 70-me and the 7O-me pulse shifted by 90 | 
degrees. The output of the two balanoed apddiaters is then fed 
to a summing network which suppresses the carrier and the lower | 
side band. The upper side band is then amplified and fed to the 
synchronous demodulator for demodulation against the input i-f 
signal. The output of the ssb is a 70=me signal which is 
offset by an audio frequency which is proportional to the 
original antenna beam misalignment from the sero doppler plane, 
The remaining circuitry in the clutterlock section is an 


integrator reset. The purpose for the reset is to sense the 
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integrator outint voltaze and to discharge the integrator 
capacitors when this volta;e exceeds +3.5 vde or falls below 
-8.5 vde. These values correspond to approxinately #1 deyree 


of beam displacement and approximately + 3 prf. 


o Self Verification | 
The built-in test (BIT) cirenit zenerates a 70=me sipnal 
chopped at a 30@ke rate which is fed to the high-resolution 
synchronous demodulator when so commanded by the operator, 
This is used to simulate an i-f input siznal. “hen the BIT 
loop is closed the clutterlock circuit nulls | out at prf/h 


and holds in this condition until the BIT switch is opened, 


Control Unit Electrical Design | 
Operation The Control Unit (sea Figure 2.2.5.9) serves primarily 


as a control and junction box. Power from the vehicle system power 
Supplies is distributed to the other side-looking radar (slr) units 
throu, the Control unit. It also provides three regulated volt- 
ages not otherwise available to the other slr units. The Control 
unit will be described by breaking it dow into five major functions 


or divisions: control and junction box, -23.5 vde power supply, 


+2325 vde powsar supply, +300 vde power supply, and the timer over- 
ride circuitry. The Control unit is show in simplified schematic 
form in Fissure 2.2.5.10. 
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Figure 2.205010 = Simplified Schematic of Control Unit 
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© Control and Junction Box 
When the slr system is in the warm-up mode, (1) 28.3 vde, 
(2) 115 v, 3 phase, 400 cps, and (3) 115 v,.1 phase, 2000 cps 
voltages are applied to the Control unit fron the vehicle 
power supplies. These seitaces are distributed to the other 
units in the slr system. a 


When the slr system is in the pre-operate or operate mode, 
28.3 vde and 115 v, 2000 cps power is applied to the circuits 
in the Control unit which generate +23.5 vde, -23.5 vde, and | 
300 vde. This is accomplished with relay 6K1l. The relay is 
of the latching type and is energized from the vehicle command 
cabmyaten by applying 28.3 vde momentarily to the pre-operate 
input of the Control unit. The Control unit is commanded 
from the pre-operate mode with the momentary application of 
+28.3 vde to the OFF input of the Control unit. The sir is 
commanded to the operate mode by momentary application of 
+28.3 vde to the OPERATE input. In OP#RATE A the film drive 
motor (Box 7), the transmitter high-voltage (Box 3), and the 
integrator time constant (Box 5) relays are energized, No 
Control unit functions are involved when the OPERATE command 


is given. 


0 +23.5 Vde Regulated Power Supply 


The +23.5 v power supply (shown in block-diagram form in 
Figure 2.2.5.11) is a series regulated supply. The regulator 
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was designed to deliver an output voltage of 23.5 vt 1.0 per- 
cent for all load currents from 0 to 5 amperes. The maximum 
peak-to-peak output ripple at full load is less than 18 milli- 
volts. <A series-type regulator circuit was chosen because it 
is best capable of providing a constant output voltage to a 
variable load while maintaining a high efficiency. An eeeeiaan: 
protection circuit was also incorporated to prevent destruction 
of the series-regulator transistor for an overload-or short~ 
circuit condition on the output. The overload protection — 
operates at a current of 7 to 8 amperes and recovery after 
overload is automatic. 


‘the regulator is composed of seven functional elements: a 
sampling element, pefenencs element, comparison element, 
supplemental d-c voltage source, d-c amplifier, control 
element, and an overload-protection circuit. 


The voltage regulator, like a servoanplifier » uses an error 
or differance signal to correct any error in the output. The 
difference between a reference and a portion of the regulated 
output is detected and amplified by the comparison element 
and, if necessary, is further amplified by the d-c amplifier, 
The control element senses the magnitude and phase of the 
amplifier difference and regulates the load valtane in the 


proper direction to correct any voltage change, 
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The series control elenent regulates the current to the load 
so that the product of load current and load resistance 


remains equal to the required output voltaze, 


0) =23.5 Vdc iegulated Power Supply 


The -23.5 vde regulated power Supply is identical to the 
423.5 vde supnoly with the following exceptions: 
The circuit was desijned for a full-load current of 


3-8 amperes 


The primary power source for the regulator is 115 v, 2 ke, 
transformed down and then rectified by a full-wave bridge 
rectifier 


The positivs side of the output line was grounded and 


the return line used for the negative output voltae, 


The regulator circuits are built on printed circuit cards with 
the exception of the control element and sensing resistors, 
Otherwise, being identical, the regulator circuits will 
operate with either primary source, 


re) +300 Vde Power Supply 


The +300 vde power supply (Figure 202.5.12) operates from a 
+28.3 vide 42 percent source. A step-down transformer (located 
in the +23.5 vde supplies) is used to supply 10-vrms, 2000- 
cycle power to the 300-vdc Supply. The power drain on the 
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Figure 2.2.5.12 = Block Diagram +300 Vde Power Supply 


seeRe SPcU.ct HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CAART 


} i 


- bei, 
. i} 


a 


| - ACOL306 
DECLASSIFIED ON: 9 JULY 2012 SEGREF S PEC AL H A N DLI N G 


115-vac, 2000-cycle power. is approximately 10 milliwatts, 


The supply is designed to deliver 30 watts of power. 


The supply can be considered from an electrical viewpoint to 
be divided into two main sections, The first section is a 


| Simple series regulator. A transistor in series with the 


28 .3=vdc input is used to adjust the voltage level which is 
fed to the second section. The input voltage to the second 
Section is regulated to maintain a constant (within +2 percent) 


output voltaze regardless of the 28.3 vde input voltage. 


The second section is a d-c to dee converter, The converter 

is based on the "Jensen" circuit and as such employs two trans-e 
formers. A small saturating transformer is used to set the 
chopping or switching frequency of the two power transistors 
which are used in this section. A second, nonsaturating 

power rane farace steps the chopped voltage up to 300 volts. 

A fullewave bridge converts the Square~wave voltage into a 

dec volta,:e. A two-section inductance-capaci tance network 


smooths the output and ensures low ripple on the output, 


A resistor divider is used to odtain a sample of the 300-vde 
output. This sample is fed back to the series regulator, 


Semiconductor circuitry is used to control the base drive 
to the series regulator transistor mentioned above. The base 
drive is lowered if the output voltage is high and increased 
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if the output voltage is low. In this manner it is possible 


to maintain a constant output voltage. 


Overload protection circuitry is also employed. If the load 


current exceeds 120 to 160 milliamperes, a sensing circuit in 


the series regulator will halt the flow of base drive to the 
series regulator transistor. The. supply is therefore protected 


_ from shorts which might accidentally be placed across its 


output terminals. The supply will function normally after the 


overload is removed, 


Timer Override Circuitry 


The Control unit provides a means of ceapriding (by vehicle 
command) a timer-delay circuit in the Tranamitter-Modulator 
unit of the slr (see Figure 2.2.5.10). When a 28-vde signal 
is commanded through time-delay overload no. 2, nonlatching 
relay 6K3 is energized, When a 28-vde signal is commanded 
throu gh time-delay overload no. 3, nonlatching relay 6K is 
energized. The normally open contacts of the two relays form 
two breaks in a line connecting the time-delay over load no. 1 
to an output which goes to the Transmitter-Modulator. When 
both relays are energized, a voltage level on the input lead 
is applied to the Transmitter~Modulator unit and the desired 
override function is accomplished. The two relays can be 
considered to form a three-input “and gate, 
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Recorder Design 
Mechanical § The recorder (see Figure 20205013) film transport 


system is used to regulate accurately the speed of the film as it 


passes over an exposure drum and is exposed to the light from the 


crt throuzh the optical system. The film transport system is 


depicted schematically in Figura 2.2.5.1h.e Operation of the film 


transport can be deseribed in five parts: film supply, film drive, 


film-tension control, film transport drive, and film takeup. 


oO 


Fin Supply | 

The film is stored in and Supplied from the film supply 
cassette. Within the cassette is a film supply-spool brake 
assembly which contains a friction brake and a magnetic particle 
brake both in constant mesh with the spool shaft through a 
reduction gear assembly. The friction brake is applied when 
de-energized (recorder not operating) and released when 
energized (recorder operating). The magnetic particle brake 
is energized with the Recorder system and its braking torque 
regulated by a potentiometer connected to the pivot shaft of 
an input tension-control assembly input (refer to paragraph 


Film Tension Control following). 


Filn Drive 


The primary drive for the film is the metering drum. The 
metering drum drive (Figure 2.2.5,15) is powered by a hysteresis 
synchronous motor running at a constant 8000 rpm. An input | 
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Figure 20205013 ~- Recordar 
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Figure 2.2.Sels - Film Transport System 
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Figure 2.2.5.15 ~ Metering Drum Drive 
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roller drives the final friction disc through an opposed set 
of idler rollers. The final friction disc is keyed to the 
exposure meterin;: drum which determines the film velocity 
(5.000 + 0.050 inches per second) of the system. The friction 
drive of the final reduction was vtdlized to eliminate short- 
term velocity variances which could cause striations on the 


data f iln, 


o Film Tension Control 





Film tension is controlled (Figure 2.2.5.16) on both the input 
and output sides of the metering drum. The film tension-control 
assembly contains an input and an output set of balanced pivoting 
isolation rollers and three film pride rollers. The input set 
of isolation rollers (f41n supply spool control) activates 

a potentiometer connected to their pivot shaft. A preloaded 
pair of clock=-type springs enable the isolation rollers to 

nieet as the film-supply tension varies and thus position the 
potentiometer for a scupensating current to the magnetic 
particle brake. The output set of isolation rollers (film 
transport drum control) is similar to the input except that 


- 
1 


a cam is actuated by the pivot shaft to open and close a 
microswitch which is part of the output tanstoneontset servo 
loop. The microswitch actuates a duplex friction clutch to 
change the film velocity as the pivoting rollers reach the 
limits of a predetermined angular displacement. The output 
set of isolation rollers (film transport drum control) is 
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Figure 2.2.5.15 = Tension Control Roller Function 





THE SUPPLY SPOOL CONTROL 
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similar to the input except that a cam is actuated by the | 
pivot shaft to open and close a microswitch which is part of 
the output tension-control servo loop. The microswitch actuates 
a duplex friction clutch to change the film velocity as the 
pivoting rollers reach the limits of a predetermined angular — 
displacement. The output tension-control servo motor tends 
to keep the film tension constant (2.0 pounds) on the output 
side of the metering drum and to isolate the film from changes 


of take-up tension in the film take-up mechanism. 


The output-isolation roller and cam-operated switch operate in 
conjunction with the film-transport drum drive assembly to 


control the output tension. 


o Film Transport Drive 
The film transport drum drive assembly (see Figure 2.2.5.17) 


contains a hysteresis synchronous motor with an integral 0:1 
ratio gearhead with a 200-rpm output. A gear on this output | 
shaft meshes with the input gear on the duplex clutch. This 
clutch has two independent output gears meshing with 1:1 
compounded gears. These gears are in constant mesh with their 
respective bull gear, one of which has 266 teeth and the other 
267 teeth. This one-tooth difference creates a 0.375=percent 
change in the nominal film velocity to prevent a long-term 
accumulation of shortening of the film between the exposure 
metering drum and transport drum for proper isolation roller 
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Figure 2.2.5.17 = Schematic of Transport Drum Drive 
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operation. The two bull gears are compounded on the same 
shaft with an output pinion gear which meshes with an idler 
eat which in turn meshes with the transport drum drive gear, 
As the duplex clutch is energized or de-energized by the micro- 
swich on the output isolation roller, the power flow is 
directed through the appropriate gear train to increase or 
decrease the transport drum velocity. The idle gear train re= 
mains in mesh and freewheels in the same direction as it does 


when it functions as the power train. 


o 6©Film Takeup 
The film takeup system was contained in the GFE capsule, 


which is described in Paragraph 2.3.2.10, 


Electrical | 

Operation The operation of the electronic portion of the Recorder 
will be described by breaking it down into five major divisions: 
ramp generator, deflection amplifier, focus and intensity circuits, 
video and vertical-position amplifiers » and magnetic brake 


amplifier. 
o Ramp Generator 


The ramp generator (Figure 2.2.5.18) produces a linear 
voltage ramp which is proportional to the slant range to the 
target. oe accuracy and stability which is required of the 


output wave form is provided by a stable, high-gain, dc 
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Figure 2.2.5.18 = Recorder Sweep Circuits — 
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amplifier-integrator and controlled bias current, 


The sweep trigver causes the bistable miltivibrator (flip-flop) 
to open the waite across integrating capacitor C] in the feed- 
back circwit of A), which is a three-stage, high-gain d-c 
amplifier (gain approximately 50,000). This allows the 
Capacitor to charge through Rl and a stable and precise 
charging current is developed by the bias supply. An 

internal r-c feedback loop within the amplifier A, serves to 
further stabilize and maintain linearity of the wave form. 


o Deflection Amplifier 


The rising linear output from the ramp generator is fed to the 
deflection amplifier Aj. This amplifier is a stable, high- 
gain, dec feedback amplifier that provides deflection signals 
to the crt yoke. Nonlinear feedback is provided so that the 
amplifier gain ‘may’ te varied as the crt spot is deflected from 
the center of the tube, thereby compensating for the non- 
linearity introduced because of the flat face of the crt. The 
nonlinear feedback network which sacdumeanths so-called "Flat- 
Face Correction" is a symmetrical one using diodes (eight) and 
resistors to provide a linear sweep throughout the entire 
range. The deflection~amplifier output is used to reset the 
bistable multivibrator thereby cutting off the sweep and 


preparing the ramp generator for the next sweep cycle, 
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Focus and Intensity Circuits 
The Recorder ert focus and intensity unit is comprised of two 


separate functional circvits which provide dynamic focus and 


aocrt intensity gate. 


The ert exhibits spot defocusing at the sweep extremities 
caused by the flat-plane display surface and resulting beam- 
path length differences. This defocusing effect is eliminated 
by generating a dynamic focus signal which has a parabolic 


wave shape and feeding it to the focus anode of the crt. 


The required focus control signal must be symmetrical about 
the sweep center and is derived from the deflection current 


wave form. 


As the deflection signal is symmetrical about zero, the 

negative portion is passed through diode CR1 and inverted by 
amplifier A . The positive portion is passed through diode 

CR2 and added to the inverted signal to provide the Veshaped 
signal. This signal is used in the R-F/I-F unit as a stc signal. 
This V-shaped signal is also fed to a biased diode circuit 

which vives a parabolic shape to the slopes of the V. The. 
parabolic V-shaped wave form is in turn applied to thé two- 
kilovolt focus anode voltage source to compensate for the 


defocusing at the extreme portions of the sweep. 
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The crt display is held blanked off at all times except during 
a deflection sweep. the deflection drive signal generates a | 
voltage gate. This voltage gate signal is fed to the ert 
cathode, unblanking the crt during the swoep time and 
intensifying the sweep to the desired viewing level. 


o. Video Amplifier 


The video amplifier, which has a 10-kc to 12-mc 3-db band 
width, accepts the video output from the Reference Computer 
and linearly amplifies up to outputs of 6 volts peak-to-peak. 
For output signals zreater than this value, limiting is done 
by a diode bridge which reduces the gain of the amplifier 
and prevents excessive swing of the crt grid. The gains in 
the system, however, are chosen to allow most of the ae 
to be done by the data film rather than by this video 


a 
! circuit. 


o Magnetic Brake Amplifier 


The magnetic brake amplifier assists in maintaining a constant 
film tension as the film is passed through the input isolation 
roller assembly. ‘This 1s achieved by using a dec feedback 
amplifier whose load is the maznetic particle brake coil and 
whose input is approximately proportional to brake tension. 
This input is fron the potentiometer which is mechanically 
coupled to the isolation-roller assembly so that as the 


tension is increased, the current is decreased in the brake 
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coil, thereby decreasing the drag and compensating for the 


change in tension. 


2.2.5 Test 

The testing which was conducted on a system basis is described in 
Paragraph 2.3, following. The most significant problem area associated 
with the testing; of the radar payload was in the breakdown of high 
voltage in a vacuum environment, which was discussed in Paragraph 2.1.7 
above. Further details of the testing and associated problems involving 
the radar payload units are given in the above referenced Goodyear | 


Aerospace Corporation report. 
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2.3 Test 

2.3.1 Lest Philosophy 

2.3.1.1 The incorporation of a radar aystem into a satellite vehicle, 
while not involving any fundamentally new tenets of a good test 
philosophy, did necessitate a carefully planned test sequence, guided 
by certain basic considerations which are an integral part of a proper 
testing approach. It is the purpose of this discussion to consider, 
in retrospect, the test philosophy parameters which were inaplicit in 
the handling, test and flight preparation of vehicle 2355, and in so 
doing, to attempt to bring to focus and to record the elenentsa of an 
effective test philosophy. The launch and orbital performance of this 
vehicle, or any vehicle, are the result of the design, manufacturing, 
engineering, test, handling and pre-launch checkout efforts of large 
numbers of pergonnel. The resulting quality of performance of the 
vehicle is therefore determined, incrementally, by each of these 


endeavors. 


2etele2 The roles of the testing organisations in the preparation of 
a satellite vehicle are to fulfill several very specific requirements, 


among which ares 
a) Prove by demonstration that the hardware, as designed, will 





perform expected. 


b) Establish, ty sufficient operation in the correct test 
enviroment, that the hardware will survive and has adeguate 


reliability, when operating as a system, to satisfactorily 
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accomplish the mission requirements. 


Establiah the functional compatibility of all systems and 
subaystems in all possible operating modes, includ ng 


specifically the assigned mission. 


Conduct a mission simulation with the complete ‘launch syaten 
in the launch enviroment. 


Finalise the flight preparations and conduct the countdown. 


The foregoing building block approach to testing, if it is to be 


thoroughly objective, can accept no prior conclusions as to inherent 


quality. ‘These conclusions as to quality may be the product of a 
number of identical or similar systens operations, resulting in some 


modifications to the test approach on later vehicles, as opposed to the 


utmost rigour on the first vehicle. The sequence, described above in 


general tems of the requirements to the test organisations, is more 


explicitiy defined by these respective examples: 


a) 


b) 


Proving the design involves principally component or unit 
tests to exercise every design function to the design 


tolerances. This was accomplished on every Goodyear Corporation 


payload unit, as a first article. Teste on each succeeding 


anit utilised the design approval test parameters to the 


maximum extent realistically possible. 


Proving the hardware survivability, repeatability and 
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c) 


P 


reliability includes vibration, thermal and vacuum component 


testing. This was done on the payload unit level in accordance 
with IMSC 6117D - Enviromental Specification. It also 
fundamentally involves extensive, repeated operation in 
accordance with the mission profile, This was done at 

ambient as a satellite system and in a thermal-vacuoun 
environment with the payload vehicle. 


Establishing the subsystem and system functional compatibility 
in all modes involves the operation of every possible electrical 


and mechanical function in all normal and failure mode 
combinations. This was done on a payload vehicle basis in the 
teat laboratory, and on a satellite vehicle basis in the 


first aystens test, in the Anechaic Chamber, in the second 


systems test and in the launch complex simulated flight. 


The mission simulation in the launch enviroment provides a 
cross check against all previous testing, wherein a deficiency 
may have been obscured by virtue of a different test environ- 


ment, but more importantly, it completely revalidates the 


satellite aystem at a late point prior to launch and establishes 
a new benchmark of confidence in being ready to enter the 


launch countdom. This test - the pad simulated flight - 
must produce performance which is completely beyond question 
or compromise before the vehicle can be considered ready to 
enter the launch countdam. 
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e) The launch countdown establishes the flight configuration 
(propellants, gases, power and guidance settings and program 
pecoliar command and control/payload configurations), 

-rechecks the performance as established during pre-launch 


teste, and results in lift-off of a flight ready aysten. 


2e3ele3 The application of this test philosophy therefore produces 
two primary results: | 
a) <A rigorous proof by demonstration that the design is correct 
and compatible for the operations of the assigned ai ssion, 
that the mannfactured and assenbled system is in strict 
accordance with the design, that the design and hardware 
together are compatible with and correct for the operating 


enviroment, and that the system reliability is adequate for 
the misaeion. 


b) The launch of a system which is determined to be flight ready 
as a result of all prior testing and as a result of a complete 
and correct system operation in the launch enviroment. 


Each of the above results are necessary if a satellite system is to be 
realistically conaidered flight ready. A good test philosophy does not 
challenge the design - the task is to validate the design. In so doing, 
it must be able to reveal and identify design weakness or functional 
incompatibilities. The test sequence is not intended to establish 
qualification eats or provide relishility data for the components, 
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but it must be able to establish system reliability - in a manner which 
is not possible on a component basis. 


2e3elel) The test sequence on Vehicle 2355 is discussed against the 
guidelines of the previous paragrapha - in terms of particular exanples 
where applicable. 


The test philosophy attempted to preclude any payload component or 
system failures by requiring each payload component to pass an Accept- 
ance Test Procedure immedi ately prior to installation. Each item of 
IMSC furnished power conversion equipment (inverters, converters, 
junction boxes, etc.) was installed after a determination that the 
item had successfully passed the required acceptance tests. The 
wiring was checked, pin to pin against the wiring drawings, during 
which manufacturing errors were corrected. The payload as a aysten 
was thas brought to a paint of readiness for power application. Power 
loads were applied and measared in increments, and system functional 
utility was determined ~ item by iten - as further described in 


succeeding paragraphs. 


This approach to establishing correct system operation on a subsysten 
by subsystem basis was maintained throughout the test span, wherein 
the aystem would be exercised first in sequence of testing and record. 
ing the engineering parameters in all modes, then proceeding into the 
operational configuration for operation in all modes. The significant 
differences between these types of tests are tabulated in the following 
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examples, which assist in the description of the test philosophy. 


Test Item Ingineering Teste tional Teste 


(a) Power and Loads Shunt Boxes - Breakout Flight Configuration 
| Boxes and Test Cabling only. 
allowed. | 
(bv) Unregulated Voltage Electronic Power Supply Flight Batteries 
Range Testing subd ised. & Flight Cabling 
only - Mission 
 gimulation. 
(c) Telemetry Checks Test Plug Hardline RF Telemetry 
Moni.toring. links only. 
(a) WEDL Evaluation _—S- RF Coax Monitoring. RF Link monitoring. 
(e) Command System Umbilical and Hardline RF Command Link. 
Checkout Command Control. | 
(f) Orbital Programmer Test Tape Program. Flight Tape Progran. 
Test Mission. 
(g): Satellite Vehicle Breakout Cables - Test Anechaic Chamber - 


Test Complex C-12 a Plight Configuration. 


The 2355 test sequence progressed through the detailed engineering tests | 
required to validate the systems functional performance. The principal 
teste which are termed engineering tests ares | 

+ Payload laboratory - SD 

¢ Preparations for Altitude Test - Tesperature Altitude Chamber 

Preliminary Systens Test - Complex 0-12 

- WMinal Systems Test - Complex C=12 

- Pad Horizontal Simulated Flight - VAFB 75-1-1 
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These tests were in some cases conducted in an engineering (breakout) 
configuration, instead of a more complete operational configuration, as 
a result of security requirenents (Preliminary and Final Systens Tests 
end Pad Simnlated Flight) and because of physical handling limitations 
(Pad Simulated Flight). ‘In each test of this type, the extent of the 
required compromise from the operational configuration was carefully 
evaluated to determine the effect on the test validity. 


As a result of the fact that many tests are of necessity conducted in 
less than the full operational configuration, certain tests were 
included in the 2355 test sequence which were in the complete 
operational configuration, to the extent possible. These tests 
validated the total aysten, specifically including those interfaces 
‘which were non-operational in the engineering tests. These tests are 
listed and described as follows: | 


Test 
(a) Anechoic Chamber Test Configuration 


: (2355 and 2356) 
Flight Batteries 

bes These two vehicles, of | Radar Antenna installed 
identical configuration, Flight Cabling 
: were tested in the Ane- Test Program and Flt. Program (Orbital Pear.) 
choic Chamber. Vehicle RF Air Link Commands — 
2356 was tested prior to RF Air Link Data 
the 2355 flight. Flight Pyro Simulators 

No Test Plug Unbilicals 

No Main Unbilical 

Gas Supply - Gas Valve Operation 


Results 


System compatibility was demonstrated - 
operating in an orbital configuration. 
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(b) 


(c) 


Temperature-Altitude 
Chamber 


This test operated the 
payload vehicle in an 
orbital enviroment of 
temperature and altitude 
in accordance 





‘programmed 
with the nissgion. 


Re3 Launch Stand aha 
Vehicle Test 


This test followed the 
pad simulated flight. . 


SEEREESPECIAL HANDLING 


Configuration | 
The payload vehicle was in an orbital | 


configuration forward of Sta. 228, 
excepting for pyros and flight battery. 


Results 


The temperature altitude testing produced 
repeated failures of the payload components 
which are further discussed in Para. 2.30205 
These failure items were redesigned accord- 
ingly. The payload vehicle, after multiple 


component redesigns and component retests, 


operated through the programmed misaion 
without failure. The payload vehicle 

was subjected to extensive, repetitive 
testing —- through a failure regime ontil 
repeated successful operation was achieved. 


Confi guration 


Complete flight configuration, including 
vatteries and pyros, but prior to final 
attachment of the radar antenna. 


Results 


This test successfully exercised every 
interface function, power, ground, data 
circuit and command circuit between the 
payload vehicle and the Agena. It 
validated the final flight configuration 
of flight batteries. In the course of 


performing every payload function, the 


entire satellite vehicle was essentially 
validated in the launch configuration. 


2.3.1.5 The Associate Contractor (Goodyear Aerospace Corporation) 
performed a vital role in the test series on this vehicle. An initial 
procedure was established for acceptance of payloads from Goodyear 
which involved the participation of IMSC personnel in the final 
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Acceptance Test Procedure on each system. The data was then reviewed 
jointly, together with the final deliverable hardware status. Based 
upon these results, the System Associate Contractor recommended hard- 
ware acceptance to the Air Force, or as circumstances dictated, recom 
mended further action and another payload system test prior to 
acceptance. After receipt of the payload at IMSC, a unit Acceptance 
Test Procedure was conducted on each payload unit as a final validation 
on the box level prior to installation in the payload vehicle. Joint | 
responsibilities were defined and documented, briefly as follows: 
a) Goodyear maintained responsibility for all payload unite 
when not installed in the payload vehicle, and established an 
acceptable test status just prior to installation. | | 


b) Goodyear participated in all tests which involved any 
operation of the payload, during which veto power was in 


force as to continuance of each test. 


c) Goodyear and IMSC jointly conducted test data evaluation and 
reached a joint determination on test acceptability. 


d) Lockheed maintained responsibility for all systems operation, 
inelnding the operation of the aystem test equipment. 


e) System log books were maintained by Lockheed and individual 
payload unit log books were maintained by Goodyear. Lockheed 
Quality Assurance was responsible for both payload and system 
while at Lockheed facilities. | 
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f) Lockheed provided all necessary support for the Goodyear field 


operation. 


g) Neither system testing nor unit testing were to be conducted 


unless both contractors were present. 


The foregoing operating procedures were defined in a letter dated 
8 November 1963, Subject, “Operating Procedures and Responsibilities 
for the Conduct of P-21 Checkout and Testing". 


The Goodyear personnel were inoluded, as a normal function, in ell 
System Associate Contractor-technical reviews, staff meetings and 
routine testing planning and status meetings. The result of the 
early planning efforts and of the integration techniques evolved 
between Lockheed and Goodyear, were very effective and conpatible 
working relationships. It is considered that the Goodyear participation 
in the testing, and the complete support of the test philosophy 
described herein, were essential elements in reaching a flight~ready 
status and in the successful conduct of the mission. 


2030126 Summary 
The prior discussion outlines the applicable test philosophy. The 


implementation of a proper test philosophy involves the intangible 
aspect of sn understanding of the philosophy, and mental acceptance of 
the objectives, by the personnel accomplishing the tests. Adequate 
test planning and test execution require stringent disciplines to 
avoid the acceptance of questionable or unverified results, and the 
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necessity to be sufficiently thorough and methodical to guarantee 
completeness. In short, testing requires aterte in the field, properly 
trained, eccertented and motivated, Certain parameters are considered 
significant enough to warrant specific identification: 
a) Detailed, documented planning, expressed in completely 
unambiguous terms. | 
b) Thorough understanding of the technical aspects of the 
systems involved ~ termed professional competence. 
c) A thorough and direct understanding of that status which is 
correctly termed launch-ready for a satellite system. 
d) The mandatory requirements that each system be operated in the 
orbital configuration = through representative times and cycles - 
in the orbital environment <- as realistically as is possible. 
e) A step by step subsystem to system validation process (build- 
ing block approach) wherein the thorough engineering tests 
involving the demonstrated and recorded performance of every 





design parameter are followed by pro gressively more complete 
and realistic operational configuration tests. 
f) Rigid configuration control of the components, subsystens and 
systems, as progressively validated. 
The planned and actual test jeciencee on Vehicle 2355 are further dise 
cussed in the remaining asotions of Para. 2.3 together with the results, | 
The planned test sequences for Sunnyvale and Vandenberg AFB are pictured 


in sequential block diagram form in Summary Figures A and B respectively, 


pages 3-12 and 3-13. Summary Figure C, page 3-1), shows the actual test 
sequence insofar as it differed from the plamed sequence. 
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AGENA (SAME AS PLANNED) 
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VEHICLE INTEGRATED SYSTEM 
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P/L DEV : 
: FILM TRANSPORT 
LAB FUNCTIONAL | TEST (HATS) 


CHECK 
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VAFB 
ALIGNMENT AND FIT CHECKS P/L LAB (VAFB) 
(P/L~AGENA)—MAB DEMATE CAPSULE 
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2.302 Payload Vehicle Testing 

Summary 

The payload tests defined in the Planned Test Sequedce (Para. 2.3.3 of this 
Section) were somplated and the eo objectives met. The scope of test- 
ing was enlarged to include a special test of the film transport system in a 
vacuum environment (HATS). | Testing order was altered to permit downstream 
testing to continue, where practical, during periods when a complete set of 
flight components waite not available. 


Malfunctions of payload components in the temperature and altitude chamber 
(TASC) during the Qualification payload tests and Vehicle 2355 payload tests 
caused the TASC tests to be altered, repeated and the start and completion 
to be delayed. (Refer to Para. 2.3.3 of this Section). The final TASC run 
was a complete and continuous test which verified system compliance to all 


of the initial objectives. 


Payload compliance to specifications was demonstrated in the following 
configurations: | 
a) Payload Vehicle Systen (Non-environmental ) 
0 Power supply simlating flight batteries. 
° ‘Test console simulating Agena commands and radar targets. 
o Vehicle telemeter similator monitoring telemeter signals, 
o Transmitter terminated in a dummy load. 
b) Payload Vehicle Systen (Environmental) 
o Basic equipment used same as Item a) above with the 


payload in a simulated orbit pressure and tempera- 
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ture enviroment. 
c) Agena - Payload Integrated Systems Tests (Non-environnental) 
© Payload electrically, but not mechanically mated to the 
Agena. 
o Power supply simsleting flight batteries. 
o Commands from the Agena (hard line from test complex). 
o Telemeter and "hardline" data used to evaluate system 
‘performance. 7 | 7 
o Trensmitter terminated in a dummy load. 
d) Agem - Payload System (Anechoic) 
© Payload electrically and mechanically atau 4a the Agena. 
© Payload radar antenna installed and transmitting. 
.© Power supplied by flight type batteries. 
o Commands from the Agena (air link fron test complex). 
© Telemeter (air link) data used to evaluate system 
performance. | 
© Payload data by air link to ground receiver and recorder. 
o Emergency control and monitoring maintained with a 
minimum mumber of électrically isolated hardlines. 
e) Agena - Payload System (Launch Pad Horisontal) 
o Payload electrically but not mechanically mated to 
the Agena. 
o Power supply simlating flight batteries. 
o Commands from the Agena (air link from tracking station). 
© Teleneter (air link to ground station) and hardline data 
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used to evaluate the performance. (Telemetry and payload 
video data). 

o Recovery capsule energized and evaluated. 

o Transmitter terminated in a ouey loade 

f) Booster - Agena - Payload System (Launch Pad Verti cal) 

o Payload-Agena-Booster Adapter-Booster mated. 

o Flight batteries installed. | 

o Commands from the Agena (air link from tracking station) 

© Telemeter (air link to ground station) used to evaluate 7 
system performance. 

o Simlated targets evaluated with the wide band data link 
onlye 

) rhonenitter terminated in a dummy load. 


At the conclusion of payload testing the following items were out of limits 
as eapecified by the Test Procedures: 
a) Transmitter power was 0.7 db low. 
b) The sensitivity time control (STC) video waveform was 2.2:1 
maximum to minimum and should have been a maximum of 2.0:1. 
c) Delay from "ON GATE" to the start of STC was 35 microseconds 
and should have been 31 microseconds maximum. 
a) The accelerometer in the Transmitter-Modulator unit was 


inoperative. 


During the TASC tests unexplained transients were observed on the <2KV and 
+l,.5KV¥ power supply monitors. Instrumentation indicated, and analysis 
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verified that the transients on the two power supplies were nct related, The 
KV problems was localized to the RFe-IF Unit. This unit was removed after 
the TASC test was completed end operated through a special test at Goodyear. 
The spiking was determined to be occurring in an output filter capacitor 

in the ~2KV supply and was not of a potenti al failure nature. The -2iV - 
problen and the four (lh) an -of~limits items listed in this section were 
all acceptable to Goodyear to Lockheed and to the Air Force as flight 
worthy conditions. The +4.5KV transients appeared in the first fouw (bh) 

of the thirteen simulated orbits in the TASC test. They did not appear — 

in the last nine simulated orbits in TASC or in any of the subsequent 
testing. Refer to Par 2.1.2 and Par. 3.1 of this report for a more 


detailed discussion. 
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203.201 GE Pevicad Development ia, Lockheed 
a) ueneral | 

The payload system was assembled and checked out in the a 
payload development lab at Lockheed-Sunnyvale. Components of 
the payload system were obvtained from Lockheed-Goodyear ami 
the Recovery System Vendor, Goodyear supplied five (5) flight 
radar components with mounting hardware and the AGE required to 
check each component individually and interconnected as a system. 
A system for recording the wide band data link (BDL) video was 
also supplied by Goodyear, termed a groum based recorder. 
Locitheed provided the payload airframe, flight. antenna ai 
waveguide, power conversion equipment, pyro system, compensat ion 
magnets and equipment necessary to inter connect » monitar and 
control the payload system. Lockheed also supplied the AGE 
required to handle the capsule and payload, a battery simulator, 
a vehicle telemeter simulatar, and payload test aids, 


The Recovery System Vendo: supplied the recoveradle nose section 
including all of the flight equipment contained within the capsule. 


b) Acceptance Tests of Goodyear Components 
Goodyear personnel performed acceptance tests on the radar flight 
components. These components were, 1) Trananitter Moi ulator 
(Box #3), 2) RF-IF Unit (Box #), Reference Computer (Bax #5), 
the Control Unit (Bax #6) and the Recorder (Box #7). Each 
Box had its own Maintenance Tester which was used initially 
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c) 


to perform the Acceptance Tests, then retained in the P/L 
Dev. Lab to troubleshoot and revalidate boxes whenever problems 


were isolated during subsequent testing. The Recorder Maintenance 


Tester, in conjunction with a Flight Recorder, was used a8 a 


recording system for the WEDL video during integrated system 
tests, At the conclusion of the Acceptance Tests, by Goodyear, 
the radar flight components were turned over to Lockheed for 
installation in the payload airframe ani system tests. 


Payload Assembly 
The payload airframe (conical and cylindrical equipment sin ine 
received from Lockheed manufacturing with the wire harness amd 
the conventional power equipment installed. This conventional 
power equipment consisted of, 1) power switch junction bax, | 
2) oo cps three-phase 115 VAC inverter, 3) 2000 cps single- 
phase 115 VAC inverter, 4) 28 vde regulated paver supply and 
ampere hour meter. The high voltage (.5KV) power supply — 
designed and developed for this payload arrived separately ard 
was installed at the P/L Dev. La&. In addition to the Goodyear 
radar flight boxes and the high voltage power supply the 
following major items were installed to complete the payload 
system, except for the Recovery Capsule: 

o Intermediate film guide roller 

o Waveguide monitor heaters 


o Pressure monitor system 
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a) 


o Compensaticn magnots 
o Capsule disconnect hardware 


Oo Pressure Diaphragm and vent bores 


Payload System Test 

Configuration - Three basic pieces af ALE were used to parer, 
control ani scnitor the payload curing payload system test, 

(1) A 200 ampere 28 VDC edfustable power supply simulated the 
flight battery power; (2) The Payload system Test Set sinulated 
the payload shimende from the Agena, provided monitas points 
and equipment to read out preselected pavload parameters, ani 
contained the radar transponder. The trareponder was wed to 
generate simulated tar,ets wed to evaluate the performance of 
the systems (2) The last tasic console was the Vehicle Telemeter 
Sinulator. This unit was used to ronitor the payload taleietee | 
points, provide + 26 VDC regulated telemeter excitation and make 
a continuous recording of the paylcad parer conversion equipment 


currents and voltages. 


The Recovery Capsule was mated to the payload conical equipment 
rack during payload system test and the film takeup wit 


energized. The subsystems ot the Recovery Capsule not related 


to the film takeup were not energized axi the related conmands 


and monitor points were intercepted or simulated by the capsule 
simulator which was located in the conical equipment rack, 
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The transmitter was terminated in a dummy load on the antenna 
feed waveguide located external to the cylindrical rack akin, 
during all system tests in the [I pay load development lab. 


Test - The payload system test in the [MMMM Development Lab was 
the first time that the payload was operated in the payload 
airframe utilizing flight wire harness, power conversion 
equipment and ‘ Recovery Capsule. This test was to be conduwted 
without disassenbly of the components of the payload system, If 
the removal of a box was required to make an adjustment, the 
testing reverted back to the Payload System Adjustment ani 
Calibration Procedure, which was conduwted by Goodyear, 


The following is an outline of the payload system tests. 
o Continuity of wire harness per latest released drawings. 
o Hookup | 
e Payload to AGE 
. Conical rack to Recovery Capmule 
« Power bus to return resistance check 
« Waveguide heaters functional 
o Power Application | 
. Apply power in discrete steps with continuous voltage 
ami current monitoring with galvanometer strip 
recorders — 


o Ampere Hour Meter Test 
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Verify at least one step of each of the telemeter 


outputs 


Film Tracking and Transport 


Verify film tracking from the recorder supply 
spoo]. to the Recovery Capsule takeup spool 


Telemetry Compatibility Test 


Verify all telemeter signals present am within 
acceptable limits | 


Verification of payload Commands 


Verify each Simulated Agena command results in 


the required payload response 


System Timing Checks 


Basic Reference Computer, RF-IF and Transmitter- 
Modulator timing relationships amd pulse shapes. 
WEDL Syne Pulse Check - pulse shape and timing of 
the synchronization pulse on the leading edge of the 
wide band data link video. 

PRE Jitter Checks - measure of the short time 
stability of the pulse repetition rate. 

Recorder Timing = intensity gate snd CRT sweep 


retrace timing. 


Receiver Tests 


e 


Bandwidth 
Attenuator - measure range of gain adjustment s 
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-. Threshold Sensitivity at minimum, maximum md center 
gain positions 
. Dynamic range of the ACC | | 
. Systems Noise level md Sensitivity Time Control 
“aveform 
o Transmitter Tests 
° RF power output 
° RF spectrum width 
. RF pulse width 
o Radar Resolution 
» Film transport speed 


« Azimuth end range resolution 
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2030202 Test Complex SCOC-12 (Preliminary Test) 

The payload was electrically mated to the Agena using interface 
extension cables, to permit housing the payload for security measures. A 
dummy antenna (artificial load) was connected at the payload antenna feed- 
line interface point on the payload cylindrical section skin, to prevent 
high power radiation in the complex. Operating power for the Agena and 
payload was furnished from an external source connected to the internal 
battery terminals. Range and Azimuth target test signals (artificial 
targets) were injected through a coax cable fran a test transponder. The 
payload data track (video) information was transmitted through the wide 
band data link to a receiver in the SCOC and recorded in a ground base 
recorder (similar to the Payload Box 7). 


Subsystems were tested progressively to prepare 6 a systen 
level test. A complete system test was conducted to demonstrate compliance 
with specified test requirements, and to verify vehicle/payload subsysten 
functional compatibility. This system level test was treated as a prelimi- 
nary verification of the prescribed system performance to insure readiness 

for a set of simulated orbits in an Anechoic Chamber (radio frequency quiet 
room). At the conclusion of satisfactory tests » the Agena and payload were . 
moved into the Anechoic Chamber | 


Payload Preliminary Data Evaluation. Telemetry records and pay- 
load data track (film record) were exanined and no payloed malfunction or 
payload functional data discrepancies noted that would affect Anechoto 
Chamber testing (simulated orbite). 
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2.3623 Anechoic Chamber (Annexed to SCOC~12) 

‘The Agena, Recovery Capsule, Payload, and Payload Antenna were 
electrically and mechanically mated in the actual configuration for flight. 
Type 1-A batteries were processed and installed for satellite operating 
power (these batteries are electrically similar to flight batteries, Type 
1=D). Extension cables (approximated 110 feet) were used for unbilicals, 
test plugs and radio frequency canunications between the satellite and 
SCO0C@-12. These long cables provided SCOC~12 facilities for satellite check- 
out prior to T=0 functions, similar to launch pad operations, All leunch 
functions such as operating power, RF links and telemetry were verified as 
ready for simulated lamch. The primary guidance programmer (SS/D) was run 
to automatic shut-down during removal of the usbilicals and test plugs. A 
special umbilical cable was installed to control emergency stmwt-dowm, 
guidance attitude control, and the orbital programmer (SS/H) START/STOP. | 
The satellite was then raised to the center of the Anschoic Chamber (30 
feet wide, 30 feet high, and 60 feet long) suspended on non-conducting 
cables. Air-link commmications were established between the satellite and 
§COC-12 for command control and telemetry by using the Agena mounted 

_ antennas and auxiliary antennas. Field strength measuring antennas were 
installed inside the Anechoic Chamber and cable connected to receivers 
outside of the chanber. The payload data track (video) information was 
transmitted through the wide band data link to a receiver in the SCOC and 
recorded in a ground base recorder (similar to the payload recorder), to 
simulate on-orbit operation. 
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Two (2) engineering orbits were run to demonstrate subsystems 

compatibility and to check all control and monitor functions, with the pay= 
Load operating (in conjunction with all of the Agena radio frequency equip- 
ment) for a full five (5) minute period in each pass. Six (6) standard 
(same sequence) orbits were run to measure the radiated electromagnetic 
spectrum signature over the range of eighty-eight (88) to ten-thousand 
(10,000) megacycles; three (3) orbits for wide band (payload data) trans- 
mitter Number One and three (3) orbits for wide band transmitter Number Two. 
There were no conducted noise measurements or susceptibility tests conducted, 
Fourteen (1s) standard orbite were planned but the satellite was shut dow 
at the end of the eighth (Sth) because all required data were gathered and 
recorded. The payload and payload antenna were demated and the Agena moved 
back into SCOC-12 for the final system test for DD-250 (Customer acceptance). 


NOTE: Vehicle 2356 Anechoic Chamber teste were completed prior to 
shipping the 2355 payload to VAFB for flight. These tests 
consisted of seventy-nine (79) simulated orbits in the same 
electrical and mechanical configuration as 2%5, with flight 
batteries (Type 1-D) installed and run to power depletion. | 
The orbital sequences were those planned for flight and used 
in the 2355 flight program. 


Payload Telemetry Test Data Evaluation. There were no payload 
malfunctions or payload functional telemetry data discrepancies noted. 
These data were gathered through the satellite-borne telemetry as in actual 
orbit. Analysis of the recorded radio frequency spectrum signature radiated 
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from the satellite (including the payload) indicated no potential radio 
frequency problems on the launch pad or in flight, Cokes malfunctions or 
degradation of data due to satellite subsystem interactions generated by 


radio frequency sources. 


2632.2e Test Complex SCOC-12 (Final System Tests) 

The Agena and payload were restored to the same configuration as 
the Spel teinasy system tests. Subsystems were rechecked to verify satis- 
factory operation. A complete satellite electrical-electronics system test 
was conducted for final acceptance (DD-250) with essentially the same 
sequence used in the preliminary test (preparation for the Anechoic Chamber 
tests). | 


Payload Telemetry Test Data Evaluation. There were no payload 
functional telemetry data discrepancies noteds Excessive distortion of 
the payload 1,00 CPS 3=Phase did affect the Box 7 data track (film recorder) 
by defocusing the cathode ray tube beam and caused a short sweep, but it 
did not affect the information transmitted through the wide band data link. 
The problem was resolved by the installation of the correct power factor 


correction capacitors, 


Non-Flight Components. Payload Box 2 (4.5 KV supply) and Box 3 
(transmitter) instelled during the system tests were not flight environment 
(altitude) qualified. These items did not affect interfaces or payload 
ground test performance, and were replaced with flight qualified units 
after the final system tests and prior to payload system altitude test, — 
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2,302.5 Temperature and Altitude Simular Chamber, (TASC) 

The objective of this test was to demonstrate satisfactory 
payload operation during simulated arbits in a simulated space temperature 
and pressure environment. The payload system was placed in the chamber 
(TASC) and the monitoring and control lines brought out through pressure 
Sittings. ‘The test equipment used exclusive of environmental 
instrumentation was the same as that used in the ez Payload 
Development Laboratory (Par. 2.3.2.1) plus sixteen (16) channels of 
Sanborn Strip Recorders. The TASC facility provided temperature recording 
for thermocouplers and calorimeters used to monitor the payload system. 
The commutated telemeter signals from the Vehicle Telemeter Simulata were 
routed to the Data Reduction and Processing Equipment (DRAPE) area, and 
ee on magnetic tape. Failures during test, pimarily in high voltage 
components caused this test to cover a total time span of approximately 
ninety (90) days. Refer to Par. 2.3.3-Test Schedules, Plamed vs Actual. 
During this period the test procedure was revised; however, the scope of 
the test did not change significently; for this reason the outline of the 
final procedure is shown here and the chronology of the tests is defined 
in Par. 2.3.3, Test Schedules, 


a) Payload Hookup 
-« Suspend the payload in the chamber 
. Payload to AGE 
« Power bus to ground resistance check 


-SEGRET SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE 


Scuswmsoesnran = © -SEEREF SPECIAL HANSLING 


« Transmitter terminated in a dummy load located in the 


environmental chamber 


b) Pre-environmental Confidence Che ck 

« Apply power with continuous recorder monitoring. 

e Verify all telemeter points present and are being 
recorded by DRAPE. 

« Verify receipt of commands to the payload. 

« Measure tranan itter power pulse width and basic timing 

« Measure receiver noise level and sensitivity time 
control (STC) wave-forn. 

« Insert a transponder signal and timing signals into 
the payload for resolution and speed checks. 

« Remove the payload system from the chamber; remove 
the film and reinstall the payload in the chamber. 

« Evaluate the film fa: r@mge resolution and speed. 


(c) Sdmullated Pre-leunch and Ascent Checks 
« Sinulate an orbital pass at ambient pressure with | 
full instrumentation for reference data. 
« Heat the waveguide. 
. Pump down the chamber to 1075nm Hg. 
« Start thermal simulation. 


d) Simulated Orbital Passes (Typically as follows) 
« Warm-up on by the System Tester 
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e Pre-operate ~ after 300 seconds. 
e Operate On - after 3 seconds additional. 
e The entire payload commanding capability was nor 
exercised, through one or more orbits incluting: 
All altenuation Posit ions (Gain Steps) 
ALL PRP Steps 
Clutterlock Short and T.C. #1, T.C. #2 
Built -in-Test 
» All payload power measurements were taken ~ incl wing 
transmitted porer, 
« Range targets were simulated, 
. System timing measurements were made. 
« Time Delay Override was tested. | 
« Operate CFF - maximum of 630 seconds after warmup ON. 


e) Evaluation - Following each of the abital simulation, 
the data (except film) was evaluated during the delay 
period between orbits. The film data was processed to a 
controlled gamma following removal of the payload from the 
chamber, and was evaluated on a light tele and in an 
optical correlata:, to determine quality and resolution. 


f) Problems - The total serjes on the payload in the altituie 
chamber was principally character ized by repetitive failures 
of high voltage components. This test period included the 
span from 9/3/6, to 12/2/64. The failed payload components 
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| included primarily the high voltage components in the 
transmitter. Altitude testing had previowly been in 
progress on the Qualification System (Payload Systen //1) 
since eerlier in 196) (April - May) and had resulted in 
numerous failures, AS a result of these failures on the 
Qualification System, Goodyear had instituted corrective 
action on high voltage breakdown mnt which had been 
incorparated into the payload for 2355. The details of 
the failures-type and corrective action-ere availale on 


the Goodyear Report AKP-II-596, Volume I, 


Sumary of TASC Testing . 


The payload vehicle to Agena interface was thoroughly 
validated during the C-12 tests and the Anechoic Chamber 
tests, as described sbove. The TASC testing waa continued 
through a time period which permitted incarporation of all 
final engineering changes into the radar payload by Goodyear, 
and through extensive altitule testing these changes were 
validated. Tha wisdom of the continued testing at simulated 
altitudes was reaffirmed during the mission-on orbit. 
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2.3.2.6 VAFB Similated Flight 
The payload was electrically mated to the Agena using interface 

extension cables, to permit housing the payload in the payload transporter 
van for security easGren A dummy antenna (artificial load) was connected 
at the payload antenna feed-line interface point on the payload cylindrical 
section skin, to prevent high power radiation in the van and for security 
measures. Range target test signals (artificial targets) were injected | 
through a coax cable from a test transponder. Operating power for the Agena 
and payload was furnished from an external source connected to the internal 
battery terminals. Payload data track (video) was transmitted to VIS-l 
(Vandenberg Tracking Station, also known as COOKE), and VAFB ride. 
through the wide band date eir-link for recording in ground base recerders 
(similar to payload Box 7). Agena and payload telemetry data were trans~ 
mitted through an air-link to VIS-1 and VAFB Bldg. [iin 
RE. 021 tine comanis for the Agena and payload were trans- 
mitted through an air-link to the lauch pad from the VTS-1 PRELORT Radar 
(a distance of approximately 7 statute miles). During preparations for the | 
similated flight, a test was conducted to insure compatibility of the AGE/ 
Agens/Payload interface/VIS-1. Phase One (1) of the simulated flight — 
consisted of the back-up functions programmed to occur in ease of primary 
function failures. The prime source of recovery command initiation was the 
VHF ZEKE secure link. The capsule recovery sequence was exercised, 1.@e, | 
arm, transfer and descent sequence. The simulated flight test (Phase Two) 
was conducted in the sequence of terminal count~dom with wibilicals and 
test plugs, removal of umbilicals and test plugs, ascent, orbit sequences 


SEERET. SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: ChART 


DECLASSIFIED ON: 9 JULY 2012 —SEGRET SP ECIAL HANDLING 


with payload operating, initiation of recovery sequence (capsule ern- 
transfer pyrotechnic firing signal). All payload real time and stored time 
commands were exercised. This demons trated compatibility of the integrated 
satellite system comprised of the booster, Agena, payload and VIS-1 in a 
simulated launch and flight sequence. After successful conclusion, the 





payload and capsule were returned to the payload area in VAFB Bldg. 
for flight servicing. | | 


Payload Performance Evaluation. There were no radar payload — 
malfunctions or payload functional telemetry data discrepancies noted that 
affected performance or data gathering. During the similated flight, a 
noise was heard in payload Box 7 which was determined to be a defective 

bearing in the film supply spool; this was replaced in the payload ares 


(side. 


Capsule Performance Evaluation. The capsule recovery sequence 
was not exercised in Phase Two of the simulated flight due to the test 
configuration of the interconnects. The guidance programmer (SS/D) actuated 
transfer signal, which was correctly programmed on for two (2) seconds in 

flight, was test-harness wired through the capsule battery circuits (in 
place of squib activated batteries) to the recovery programmer. This 
progranmer requires 28 VDC for more than 2600 seconds to complete the 
recovery sequence. | However, the guidance programmer (SS/D) removed the 
28 VDC in 1.96 seconds which stopped the recovery sequence. Satisfactory 
performance was demonstrated during the back-up tests. The normal con- 
figuration (flight configuration) would incorporate flight batteries which 


~ SORT SPECIAL HANDLING 


LOCKHEED MISSILES & SPACE COMPANY 





NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CART 


DECLASSIFIED ON: 9 JULY 2012 —SFERET S PEC| AL HAND NG 


are squib activated. The application of 28 VDC for 1.9% seconis to this 
circuit would activate the batteries and the batteries would then supply 
power to the recovery programmer, The test configuration, which did not 
include batteries, therefore only started the programmer and kept power on 
for 1.96 seconds. Telemetry monitors (two) verified that power was applied 
across the interface. The programmer operation was subsequently verified 


completely. 
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General - The primary use of this grea was for flight preparation of the 
payload system. These preparations required work in the following general 
areas: : 
a) Incorporation of all outstanding unaccomplished work which 
preceded flight preparations. | 
b) Demating and remating of Recovery Capsule for flight preparation. 
c) Installation of flight, final hardware such as access door screws, 
mating bolts and scapenaatiee: magnets. 
d) Pyro cireuit checkout and squib instellation, 
e) Final preparation of thermal surfaces. 
f) Installation of flight film and batteries. 
g) Payload functional system test. 


After the launch pad system test, Phase II, Simulated Flight was completed, 
the payload system was returned to the laboratory. The RF-IF Unit Al00=3 
‘Was removed and sent to the Goodyear facility at Phoenix to investigate 
transients on the -2 KV power supply. 


A special check of the Recorder A700=-3 was made md the source of a noise 
discovered during launch pad system test, Phase II, simulated flight was 
isolated. A maladjustment of a bearing on the support shaft for the 
recorder film supply reel was the cause. The shaft and the bearing were 


replaced. 


RF-IF Al00-3 was returned from Goodyear and reinstalled in the payload 
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system, Because the RF-IF had been removed, a special validation test | 
(Special Test Procedure 2355~7) was performed. At the sompiatice of 

STP 2355-7 the laboratory portion of the Flight Readiness Test Procedure 
(V2000303) was completed and the payload system moved to the launch pad. 


‘Svecial Test Procedure (STP-2355~7) - The objective of this test was to re- 


validate the payload system after the RF-IF unit was reinstalled. 


The configuration for this test was similar to the [MMMNP/L Development 
Laboratory tests. Breakout boxes and a power monitor console with a gal- 
vanometer recorder were used in place of the Vehicle t/M Simulator. With 
this exception the other basic consoles were the same as used in the pS 
P/L Development Laboratory. | 


The following is an outline of the checks that were made: 
a) Hookup 
o Payload to AGE 
© Power bus to return resistance check 
b) Power Application | 
Oo Apply power with continuous voltage and current 
monitoring with galvanometer strip recorders. 
c) Telemeter Points 
6 Measured the value of a few critical T/M points. 
d) System Timing Checks 
© Transmitter timing 


e) Receiver Tests 
Oo Video level and limiting 
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Oo Attenuator ~- measure range of gain adjustments 
o Threshold sensitivity 
o Dynamic range of the AGC 
f) Transmitter Tests 
o. RF Pulse Width | 
o RF Power output - measured at the cylindrical section 


skin with an accurate waveguide configuration. 


Payload Flight Readiness (¥2000303) - The main objectives of this test were | 
to: checkout and Load ‘the pyro system; verify film tracking speed and ter- 
get resolutions; load flight film and expose the head end with reference 
targets and make a reference measurement of the transmitter RF output 


power. 


The configuration for this test was identical to the STP 2355-7 test except 
for some of the test equipment used to measure the transmitter output power. 
This test utilized the same configuration for measuring transmitter output 

that was required juvtng the subsequent checks (R-3 Day) at the launch pad. 


The final pyro preps which are called out in V2000303 were made at the 
launch pad with the complete Booster-Agena-Payload flight system mated in 
the vertical position and the radar antenna | installed. The remaining opera- 
tions of this procedure were performed in the Special Project Laboratory ani 
are outlined below: | 
a) * Hookup 
o Recovery Capsule to Conical Section 
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b) + Power Application 
c) —s- Pyro Circuits Checkout 
a) + Film Tracking 
o Observe film through access door for proper tracking 
after final mate of the Recovery Capsule 
e) * Payload System Performance 
o Transponder generated test targets and timing signals fed 
to the receiver and the resultant data film analyzed for 
range resolution, speed and light leaks. 
f) Transmitter Power Output 
o Measure with a set of equipment to be used later at the 
launch pad for the final power measurement. 
z) Final Film Preps 
o Load flight filn 
o Transponder generated test targets fed to the receiver and 
used to genoae approximately 21 feet at the head end of 
the flight film. 
h) Pyro Installation at Launch Pad 


NOTE: ++ V2000303 and STP 2355-7 concurrently 


Payload Performance Evaluation - Three (3) out of limits values were 
recorded during the Special Project Laboratory tests. These were: 
a) Transmitter power was 0.7 db low 
b) Sensitivity Time Control (STC) video waveform was 2.231 
maximum to minimm and should have been a maximum of 2.0:1 
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c) Delay from the "CN GATE" to the start of STC was 35 micro- 
seconds and should have been 31 microseconds MAXL MUM 
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2.32208 VAFB Re3 Day Tests 
Final mating in a vertical position and in a launch configuration was 
completed, except for the payload antenna and associated fairing. A 
dummy antenna (artificial Loed) was connected at the payloed antema feed- 
line interface on the payload cylindrical skin section, to prevent high 
power radiation in the area and for security measures. Operating paver 
was furnished from the installed flight betteries (Type 1-D). Range target 
test signals (artificial targets) ware injected through a coax cable fron a 
test transponder . Payload data track (video) information was transnitted 
through the wide band data link to ViSel ani VAFB Bldg (payload aren). 
Agena end payload telemetry deta were transmitted to VTS-1 and VAFB Bldg. 
BEIM (150 te1enetry Ground Station), Real-time comands for the Agna and 
payload were transmitted from the VfS=l PRELORT Radar site. Stor edatime 
commands were exercised by wire-line controls through the Vehicle/AGE inter~ 
face (instead of running the orbital programmer), A payloed command 
sequence was run to validate interferences that had been broken after simu- 
Lated flight, Transmitted pover was measured and verified to be the sane 
as measured in the payload laboratary, Bids. de@oy Oo? db (15 percent) 
Low. The payload was commanded to the condition planed for launch, @.g., 
PRF Step 11, Tme Constant Musber One (1) end receiver gain to A00 (Step 1). 
The capsule status telemetry verified correct continuity loop, water seal 
and separation switch position. During the course of the R-3 dey checks, 
every interface ciroust and every interface function were verified in the 
flight configuration - and were not disturbed in eny way after that tine. 
R=3 Day Payload Evaluation - There were no payload malfwotdions or payload 
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functional telemetry date discrepmoies noted. Capsule telemetry was 
satisfactory. 


SEGRE SPECIAL HANDLING 


‘LOCKHEED MISSILES & SPACE COMPANY 


NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: C/hlART 


DECLASSIFIED ON: 9 JULY 2012 —SEGREFS P EC] AL H ANBTING 


2.30209 VAFB Launch Count-Dam 
During the final countdown for launch, stored=time commends 
were exercised by wire-lins controls to put the payload into a PRE~OPERATE 
Mode, and real«time comands transmitted from the VIS-1 PRELORT Radar to 
insure launch status, 120., PRF Step 11, Time Constant One ai receiver 
gain to AGC (Step 1). ‘The payload OPERATE comand was not transeitted 
because the payload antenna fairing was installed. Test Mode end Film 
Drive Motor ware comemded on and payload test information transmitted — 
through the wide band to VIS-1 and VAFB Bldg. [pay 200d area). Agena 
“and payload telemetry was tranmitted to VIS-1 snd VAFB Bdge 


Payload Performance and Telemetry Data Evaluation. All payload 





GO/NO-GO telemetry and launch status were verified to be as specified. 
The completion of the count-dom, the R-3 day checks snd the horisontal 
| sinulated flight completely revalidated the total flight configuration 

| with a single exception - the radar did not tranmit through the flight 
| antenna while at VAFB. Every other payload function was exercised in the 
final flight configuration. Since the total satellite incluting the antenna 
was operated in an orbital mode in the Anechoic Chasber and since RF power 
measurements were made of transuitter parer input at the mtennma fitting | 
during the R=3 day checks, the full systen was validated for flight. 
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2.3e2010 acces Subsystem Testing | | 

The Recovery Subsystem, which was furnished as GFE, (Goverment 
Furnished Equipment) was first received in the Payload Development 
Laboratory, reference Par. 2.3.2.1 above. The interface between the 
recovery capsule was cerefully defined early in the program insofar as 
electrical and mechanical requirements were concerned, fer power, 
telenstry, commends and mechanical alignment, The Recovery Subsysten is 
described here as a separate subsysten. 

A Recovery Subsystem, as defined by Engineering Drawing List 
Number 222-750, Serial Number 568, was flom as part of the payload assembly 
on Vehicle 2355. To describe the mit and discuss assembly, installation, 
subsystem testing, system testing, launch preparation, md flight, this 
portion of the repart is divided into two general sections. 


Section I describes the configuration and operation of each of the 
sub-elements of the siowee syetem. Section IT describes the program test | 
philosophy and the test sequences. A description of the modification to 
the basic configuration, made during the test end preperation spen, is 
included in Section II. 

Section I - Systen Configuration Description. 
Figure 2.3.2.10.1 is an "CN-BOARD" profile, incl uied to aid in describing 
the relative physical location of parts md to complement the follouing 
description of the recovery systen functional elements, ‘The recovery 
system is comprised of six seperate and independent functional elements. 
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Figure 2.3.2.10.1 = Recovery System Assembly 
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The film transport system provides a precision aligned take-up cassette | 
assembly, that includes intermediate rollers to control film alignnet, a 
torque motor which provides a positive tension on the film coming from the 
recorder, and tetemeter signal sources required to indicate the snout of 
film transported, and to grossly indicate the velocity of film being 


transported. 


The takeup motor operates on 26.3 VDC regulated voltage from the payload 
DC/DC Type X voltage regulator. The feed-back control circuitry is shown 
in Figure 5 with a parallel transistor voltage control network, The bias 
of Q01 snd Q402 is controlled by a potentiometer which is positioned by 
the puck arm. The puck arm senses hub diameter and changes bias voltage 
with increasing hu diameter. The transistors coniuct more heavily, thus 
increasing motor torque. The correction of torque produced by this network 
was nearly linear through the range of potentiometer control. 


The pressure system includes valves to assure the release of internal 
anbient pressure during ascent, to allow the equalization of pressure 
during descent, to provide a light sealed interior after the capsule is 

| separated from the payload, and the floatation vent valve allows the | 
release of internal pressure from the c apsule, if the capsule is not caught, 
ond is in the sea for the pre-set 76 hours and the sink valve (salt water 
actuated) has allowed sea water to enter. The floatation vent release 
valve opens when the cpasule internal pressure exceeds the capsule external 
pressure by more than 0.1 psig. (This valve is open during ascent). This 
valve relieves any pressure built up internally due to the entry of sea 
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water, and ultimately enough water enters so that bouyancy is overcome and 
the capsule sinks. The ascent/descent valves operate at 2 psig differen- 
tial, with a designed flow rate of twice the amount required by the planned 
trajectory (vertical velocities) incurred in the flight of 2355, 


The teleneter system provides the iniicated film transport information 
signals, temperature sensor information from the cassette assembly, the 
forebody, ani the batteries. After separation, a self contained teleneter 
system, independent of the Agena telemeter system, provides three channels 
of telemetry information which indicate the sequence of events and opera- 
tion of the pyrotechnic system, The telemetry transmitter is an FM/FM 
Type, with a 100 ke bandwidth, operating on a frequency of 226.2 mc 
(crystal controlled), with a power of 1.6 watts. It modulates three IRIG 
channels, Channels 7 and 9 monitor breakwire and despin events, plus 
thrust cone battery voltage. When the thrust cone is ejected, a relay 
switches to the series of events related to the parachute ejection system. 
Channel i1 telemeters a + Sg accelerometer to measure retro thrust during 
orbit ejection, A display of the three telemetry channels 7, 9 and 11 is 
shown in Figure 2.302210.2, and the corresponding sequence of oper ations 
is given in Table I, The tracking beacon is a self-contained serial 
recovering homing aid, used to determine the capsule position during the 
recovery aircraft positioning. The recovery (tracking) beacon is a 
crystal controlled VHF beacon, operating 235 mes with a minimum power 
output (peak) of 7.5 watts, It produces a pulsed output from a PRF of | 
1000 to 700 in a saw-tooth pattern with a pulse deviation af 30 micro- 
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seconds over a one secom period. A flashing light also aide acquisition 
at night with a flash repetition rate of 60-90 per minute, visible at 
least 8 nautical miles from 10,000 feet against a night background. 


The propulsion system is comprised of a retro rocket Providing the thrust 
to initiate a recovery systen trajectory iniependent of, and counter acting 
the orbital velocity of the orbital vehicle, The TE-236A retro rocket 
(P/N 863C772 P3) is a solid propellent rocket containing a nominal 10.2 
pound charge which burns for 10 seconds and provides a nominel retro- 
velocity of 1250 feet per second. The Isp is 260 sec. The noesle vacuum 
expansion ratio is 18.3:1. Rocket total weight is 62.9 pounds. The cold 
gas spin system initiates a rotation of the recovery vehicle about its 
longitudinal axis, to approximately 70 rpm, to assure gyroscopic stability 
of the recovery vehicle during re-entry. The cold gas despin slows the 
capsule rotation rate to a residual of approximately 10 rpm priar to para~ 

chute operation. The cold gas pressure spheres are 73 cubic inches and 
will hold approximately .60 - .70 pounds of Mitrogen/Freon 1); mixture each. 
This will epin a capsule with a mass mount of inertia of 6 slug feet® in 
excess of 60 rpm. The despin gas load is calculated to allow a residual 
spin rate of 10 rpm. Figure 2.3.2.10.3 is a picta@ial diagram of the 

‘< recovery profile to depict the general sequence of events, as described — 

| above ami in Teble I. | 


The paractute system is composed of a 5. ft. diameter drogue chute and a 
7 28.9 ft. diameter main chute. Actuation of the parachute system involves 
squibs, lanyards and cable cutters. The drogus chute is deployed by the | 
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thermal cover which is released by detonating explosive bolts. The drogue 
chute initiates the main chute bag cutter squibs by lanyard release. Four 
seconds after initiation the bag cutters release the main chute in a reefed 
condition, ‘The dynamic force on the reefed main chute initiates squibs 
which, after six seconds, actuate cutters of the reefing line at the 
perifery of the main chute, The main chute slows the descent rate of the 
capsule to the atmospheric descent rate of 25 feet per minute, at 20,000 
feet of altitude. (See note below) 


In addition to normal circuit redundancy, designed into the recovery systen, 
there are two independent capabilities in the system which provide backup. 
The first is the Hayden Timer (relay system) which initiates backup recovery 
pyro events es given in Table I, The second backup capability is the water 
floatation ballest system, This system positions a hemi-spherical weight 
below the capsule nose, at the emi of a flexible arm, which assists in 
maintaining the capsule in an eft-cover UP position. The ballast system 
primary control is a double mechmical latch device, which is armed by 
lanyerd pull as the ablative shield is separated from the recovery system, 
and completely released at water imact. If for any reason water recovery 
is required, correct and steble capsule orientation in the water provides 
maximun benefit from the flashing lite and beacon during search and 
surveillance far water pick-up. 
Note: The sequence depicted in Figure 2630201003 is descriptive of the . 
typical recovery ismnaies of events; however, for additional 


realism, the times are the actual times for 2355, as also given 
in Part III, Parae 307030 
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ARM #1 (Only) 


ARM #1 or #2 


TRANSFER 


DISCONNECT 


Spin 
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TABLE I 
FUNCTION 


Start Hayden Timer 
Initiates Telemeter 


Close Kel (Beacon ON) Primary to K-=2 
Close K-2 ~ Secondary to K-l 
Close Thermal Relay 


Powers Dimple Motors - CLOSE | Water Seal 
(Film Cutter) 


Power to Recovery Programmer 


Applies Thrust Cone Battery 
Close K~3 (Beacon OW Back=up) 
Powers Electrical Disconnect Squibs 


_ Electrical Disconnect Complete 


Start Thrust Cone Programmer Events 


| Ignition of Spin System Gas Valve, Spin-up 


to 65 RPM + 10 RPM 


Ignition of retro-rocket provides counter 
orbit velocity to 1250 fps (Normal) 
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TABLE I (Continued 
EVENT FUNCTION 
De-spin Ignition of De-spin System Gas Valves, Counters 


Spin System to provide 10 RPM residual spin rate 


Thrust Cone OFF Conditions Recovery System for activity below 
the ionisation layer at "G" Switch opening. 
Sets up TM System for Channels 7, 9 and ll. 


HG Switch Initiates Flashing Lite. 

Closure 

er ia at Provides a Beacon Backup. 

3 G's 

Deceleratio 

not Switch §§ Recovery Programmer starts after 3) seconds, 
| OPEN (Actu- 
ates between K-7, K-8, K=-9 and K-10 actuate. 
: 6& 3 G's) | 

Deceleration Initiates Parachute deployment. 

Complete. 


BJECTION SQUIBS Removes Thermal Cover which starts Drogue — 
Chute out. Forebody (Ablative Shell) is 
released, which arms the Water Ballast System. 


Drogue Chute pulls Reefing Lanyard which re- 
leases Main Canopy in reefed condition. Time 
delay Reefing Cutter deploys Main Chute. 
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EVENT 


TRACKING BEACON 


TELEMETER 
(CHANNELS 7, 9, 


HAYDEN TIMER 
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TABLE I (Continued) 


FUNCTION 


228 mc with audio modulation is used to 


provide directional finding signal. 


Excitation voltage from ~0,27 VDC to h.9 VDC. 
At 0.0 VDC, shall deviate, center frequency - 


LS percent. 


At 2.5 VDC, shall deviate to center frequency. 
At 5.0 VDC, shall deviate to center frequency 


+ 5 percent. 


The RMS outputs of Channels 7, 9, 11 shall be 
within 10 percent of each other, | 
Channel 7 = 2300 cps cef. 
Channel 9 = 3900 cps c.f. 
Channel 11 = 7350 cps cole 


Initiated at ARM, starts to time out. At +180 
seconds, provides Thrust Cone back-up command. 
At +2100 seounte » provides Chute Ejection squib 
backup command. Assures Thermal Cover OFF, and 
Ablative Shield OFF to assure no rendom re-entry. 
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TABLE I_ (Continued) 
EVENT FUNCTION 
WATER BALLAST Mechanical Sea-Anchor System, assures aft cover- 


SYSTEM | 
up position in heavy seas. Assures flashing 


lite visibility, maximum beacon ground plane, 
provides best Capsule position for preventing 


water seepage. | 


Initiated to cocked position by Forebody separa- 
tion, released to active position at water 


impact. 


PRESSURE SYSTEM Assures release of internal ambient pressure 
during ascent. Allows increasing pressure to 
enter during re-entry, while maintaining light- 
tight condition with water seal closed. 

Includes one valve to work in conjunction with 
sink valve system, to allow submersion after 
pre-determined floatation life. Sink valve 
- allows sea water to enter, relief valve relieves 
internal pressure build-up and allows displace-_ 
ment to submerge Capsule. 
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Section IT - Test Performance and Modification 
Figure 2.3.2.10.4 is included to describe the test and handling sequence of 
the Recovery System, indicate the progressive testing philosophy, and to 
graphically display the test philosophy. ‘The test philosophy applied to 
the Recovery Subsystem was in consonance with the test philosophy applicable 
throughout the handling of the Program hardware; namely that of rigorous 
preparation ami checkout on an individual subsystem basis, progressing to 
the system level. Following each subsysten or systen level test, any mal- 
functions or data discrepancies were reval idated, and if there were no 
discrepant conditions, the system integrity which had been established by 
the test was maintained by . process of hardware configuration control 
which precluded random checks, handling and special tests. The systen | 
was validated for flight in the full configuration, less certain pyros and 
batteries, with the mandatory requirement being a flight configuration 
demonstration of all circuits and all functions. The control philosophy 
compelled design integration review and design comatibility by review of | 
control documnts, specifications, test procedures end test results at the 
GFE supplier. An overall test sequence and document review was completed 
price to the receipt of first recovery system as Goverment Furnished Equip~ 
ment to the Program. The compatibility of the recovery system and the 
payload contractor subsystem was confined to verifying mechanical alignment, 
film tracking, end film tension. All of these requirements were satisfied 
4n the payload vehicle test leboratary. ‘The compatibility of the recovery 
system and the Agena Vehicle is confined to power end commend signals 
carried in LMSC iepneaaae: These functions were validated in the payload 
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vehicle test laboratory using program peculiar test aids, at the recovery 
system to payload vehicle interface, The checkout of recovery system 
functions, peculiar to recovery, were performed only by the vendor, prior 
to reaching the launch base. The established test plan minimized redundant 
hosting, eesured: configuration Gadtnal <b each tect wi lestene aad -ansared 
that the test configuration was that of the flight system. A very close 
liaison was maintained during subsystem and system testing with the GFE 
supplier, ‘to assure consistency of test philosophy. During the test span, 
two modifications were made to the configuration of the recovery subsystem. 
A review of available recovery trajectory date indicated that the weight of 
the recovery system should be increased from the original 87-90 pounds, to 
approximately 120 pounds, suspended weight on the parachute. Parachute 
qualification test data was minimal in rezards to capsule weights below | 
110 pounds, due to the fact that the previous qualification test objectives 
had been to substantiate descent rates, loading and shock resulting from 
the various stages of deployment and air catch activities. There were no 
stringent weight restrictions imposed on the payload vehicle at this time, 
so a change was made to add weight inside the capsule, Thirty pounds of 
lead ballast was pour-formed to the capsule forward internal spherical 
shape, adhesive bonded in place and restrained by brackets to an integral 
structural menber of the capsule. Tension and shear testing was imposed 

on representative eaarine of the adhesion joint. Based on requirenents 
dictated by the launch environment, which imposes G's along the longitudi- 
nal axis, testing verified a jaint strength 10 times that required. The _ 
safety factor did not include the strength provided by the brackets and 
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was based on minimum adhesion factors, So was very conservative. The 
added ballast raised the weight of capsule as previously described to a 
suspended weight of 120 pounds, allowed the we of existing trajectory 
‘planing information, obviated the requireents for parachute testing, and 
made existing qualification data applicable. The addition of the ballast 
did not require moving any other components, or configuring any bracketry. 
The installation is permanent. A second modification of the recovery 
system was made to the takeup cassette torque motor power control circuits, 
During a thermal-altitude payload systen test, telemeter information 
indicated that the system was not transporting fin consistently at the 
required 5.00 + .03 inches per second. The capsule assembly was checked 


ee ee 


thoroughly, and the cassette assembly was tested extensively for thermal 
effect, extended stall time, and continuous duty, There were no indicated 
malfunction excepting a slow film movement on an intermittent basis. After 
a payload contractor review of the recorder transport system for speed 
stability and the influence of an increase in takeup cassette tension, and 
after vendor testing, the change shown in Figure 2.3.2.10.5 was incarpora= 
ted. Prior to this change, takeup tension was measured in a static or 
stalled motor condition. Tension at a four inch dia, takeup was 2.5 pounds 
and at an eleven inch dia. takeup spool was 1.7 pounds, These values are 
within the original specification limits. Since the tension had been 
measured in a stall condition, the running torque was lessened due to the 
back EM generated during motor operation, which decreased the voltage 
drop across the motor and therefore decreased the motor current. Subse~ 
quent to the circuit change, tension was measured with the film moving at 
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approximately 5 inches per second, and also with the takeup in a static or 
stalled condition. The tension with the film moving with an 8.0 inch 
diameter takeup spool was 3.0 pounds, and at an 11.0 inch dia. takeup was 
2.5 pounds. The increased tension was verified at the vendor and in the 
payload test labs. Thorough testing of the nagliea system with the 
increased takeup tension verified that the film transport speed of 5.0 

+ .03 inches per second was stable. Further testing at altitude and at 
ambient yielded acceptable film speed variations when evaluated on the 


University of Michigan correlator. 


During the entire test span in the Sunnyvale area, the only component that 
was replaced in the recovery system was the recovery teleneter set. During 
tests at the GFE supplier facility, prior to the final payload systen test 
at altitude, the unit indicated some drift in center frequency and was 
replaced. During subsequent tests at the supplier and during pad testing 
at VAFB » the replacement unit was verified to be stable in frequency. 
Payload and vehicle testing, prior to shipment to VAFB verified only film 
speed, transport system stability and takeup ON-OFF control within the 
recovery subsystem. Thrust cone progranmed events, recovery programmed 
events, pyrotechnic events, beacon characteristics, and telemeter system 
performance were verified as indicated above, at the GFE supplier. 
and during validation testing on the pad at VAFR. There were no test 
failures during VAFB testing. The pad simlated flight data anomaly 
associated with the recovery programmer was the only test discrepancy. 


The test configuration did not include thrust cone batteries, and in lieu 
of these batteries which are squib actuated, power was to be supplied fron 
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the vehicle sequence (SS/D) timer. The normal flight duration of the 
sequence timer switch closure is 1 to 2 seconds, to activate the squib 
activated batteries, which then supply power. The timer switch closure 
time is normally set, for test reasons only, at approximately 30 seconds, 
sufficient for the duration of thrust cone programmer events. Power was 
removed in this test after approximately 2 seconds by the sequence timer, 
preventing the issuance of thrust cone programmer events. All functions 


were subsequently properly verified. 
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2.303 Test Schedules 

The progress of testing this radar payload, with the associated failures 
caused serious schedule disruptions. This fact, which was croperly recog= 
nised at all management levels as unavoidable on this system, with the de- 
velopment problems involved, resulted in continual schedule revisions. The 
causes of the failures were eventually corrected and the payload was demon- 
strated successfully through a simlated mission at altitude, prior to ship- 


ment to the launch base. 


The schedules are summarized, and presented as accomplished, for record 


purposes. 
VEHICLE 2355 SCHEDULE SUMMARY 


Vehicle 2355 (AFT of STA 228) 








DATE REFERENCE CART DD=250 MAB PAD 
6-20=63 DT22 2-17-61) h-28-6), 5-116), 5-26-6), 
9-27-63 I/0 23-22 4-216) 76-64 7-18-61; 8-5-6); 
11-1-63 DT23 e221 6h, 7-6-6], 7-18-61, 8-5-6), 
2-7-6 DT2) a =-21-6); 76-6) 7-18-61 8-5-6); 
2=2he6, 1/0 1~2) 4-21-64 TOH=6); 7-18 <6); 6-5-6); 
5-25-64 I/0 19-2); 4-27-61; 7-22-61, 8-11-61; 8-28-61, 
6-22-64 DT25 7-22=6); §=11-6), 8-286); 
6=29-6l, 1/0 1-25 7=27-6h, 8~11-6), 9-11 -6); 
B16 I/O 9~25 #8=-28=6); 10-13-64 10-306), 
10-28-61], DT26 PRELIM 11-18-64  12-1))-6), 
11-10-6); DT26 PRELIM 


* Final Schedule 


#12-2=61,  #*12-21-6), 
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Vehicle 2355 Payload (FwD of STA 228) 


DATE REFERENCE DD=250 
111-63 M/S DT 23 7-6-6) 
9-26-6); ACQLO01 10<1))-6); 
10-2); <6); ACOL059 11-9-6); 
10~26=6), ACOL,060 11-9=6), 
10-30-64, ACOL117 1-9-6) 


DT = Lockheed Official Schedule-Date Table 
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2030301 Schedules 
Original Schedule - Plamed 
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o Receive A/C Payload boxes and AGE at, Lockheed 2-15-61); 

o Receive payload equipment racks at a 2-176), 
Dev. Lab. 

ze Acceptance tests of the Goodyear boxes on 
maintenance testers, 2-15 2-19-61; 

0 Installation of P/L equipment in the P/L 2-20 2=2);=6); 
equipment racks 

o Payload system test using Goodyear system tester 2-25 h-3-6; 
and LMSC vehicle similator | | 

o Temperature and altitude tests of P/L system h-9 oe lorsr 
in TASC 

© Receive Agena D at systems test complex C-12 421-6); 

o Preliminary integrated Agena/P/L L-2h §-12-6); 
System teste thru similated flight, C-12 

o Simlated flight in the anechoic chamber ~ 5-13 6-11-61; 
Agena/P/L EMI test | 

o Final integrated Agena/P/L | | 6=12 6-30-61, 
systems tests thru similated flight, C-12 

o Engineering buy off | 7-1-6, 

© Vehicle and payload DD-250's 76-6), 

o Ship vehicle, payload and P/L AGE to VAFB 7-7-6; 

0 Vehicle/Payload alignment and fit checks = MAB 7~8 7-9-6 

o Payload preps for pad tests in P/L lab 7<10 7-20-61; 

o Agena checks ~ MAB | 7-10 7-20-64 

o Magnetometer Range Checks Agena/Payload 7-216) 

o Launch pad Agena subsystem tests | 7-22 7-23-61 

o Launch pad AGE/vehicle/P/L compatibilities 7-2h; 7-26-61; 
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o Launch pad systems test phase I (backup commands) | 7-27 -6h, 
o Launch pad systems test phase II (simlated 7-28 
flight) : | —_ 
| © Vehicle/Payload and Nose section mate - pad 7=29 8-1-6) 
| o Mate Solid Motors | | 8-),-6), — 
0 


| _ Countdown and Launch — Babh 
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2030302 Final Schedule - Actual 


o Receive A/C Payload Boxes & AGE at IMSC | 2-2h=6l: = 3-21-61), 
0 Receive Payload equipment racks at [MM Dev. Lab. 2-24-61: 
o Acceptance tests of the Goodyear Boxes on 2-2-6 = 3921-6) 
Maintenance Testers | 
o Installation of P/L equipment in the P/L 2-2),-6 - 3-23-64 
- equipment racks 


© Payload System Test using Goodyear System Tester h-16-6), - 5-7-6) 
and LMSC Vehicle Simlator | 


o Receive Agena D at Systems Test Complex | h-27-6), 
—- Cm12 (CART) 
© Preliminary integrated agena/P/L Systems Tests 5-7-6 = 5-256) 
thru Simlated Flight C-12 | 
o Simulated flight in the Anechoic Chamber 5=25<6), - 6-106); 
Agena-P/l, EMI Test 
o Final integrated Agena-P/L System Teste 7-6-6, = 7-9-6) 
thru Simlated Flight C-12 
o Agena DD-250 : 8-286) 
o Agena Ship to VAIS 9-1-6), 
© Temperatare and Altitude Tests of P/L Syston 9-3-6, ~ 122-6) 
c 4n TASC | : 
_* o Altitude Test of Goodyear Flight Recorder & 10-28-6h- 10-30-6), 
a Recovery Capsule (HATS) | 
( | | 
UL. | © Vehicle/Payload Alignment and Mit Checks ~ MAB 1110-6) = 11-18-44 
o Agena Checks - MAB 9-1-6, - 9-2h-6h 
° Magnetometer Range Checks Agena/Payload 11-19-64, = 11-20-61, 
o Payload DD-250 | 12-2=6), 
o Ship Payload to VAFB _ 12<2-6); 
o Launch Pad Agena Subsystem Teste 11-30-64 - 12-3-6), 
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o Launch Pad AGE Vehicle/P/L/ Compatibilities | 12/h/6k 


o Launch Pad Systems Test Phase I (Backup 12/5/6 - 12/7/64 
Comma nds ) 
o Launch Pad Systems Test Phase II (Simiated 12/7/6 = 12/8/6k 
Flight) 
o Payload Lab Flight Preps of Payload 12/12/6h- 12/1h/6h 
- Vehicle/Payload and Nose Section 12/1h/6h- 12/15/6h 
Mate - | 
© Vehicle Systems R Day Checks | 12/15/64 
© Mate Solid Mot | | 12/18 & 
: is 12/19/6l, 


© Countdown & Launch 12/21/6h. 
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2el Data Handling ~ Processing and Flow 


2ele1 General § The data retreival flow from the recovered capsule 
film and from the GBOE (Ground Based Operating Equipment) in the 
tracking stations is show in block diagram Pca in Figure 2.4.1.1. 
The film containing the stored video data, both recovered and from the 
stations, is correlated at the after processing 
at SPPL. The data handling and processing is discussed further in 
this section, as relates to the correlation process, the correlator 
used and the format of the data film upon which the video date is 
recorded. A brief discussion of the properties of a sine wave 
diffraction grating were given in Para. 2.2.2. The correlation 
process is discussed functionally in this section. The correlation 
functional description, the Precision Optical Processor information 
and the data format details for this section were provided by the 


2elte2 Correlation - Functional Description 


The radar system under discussion is one which exploys data-processing | 
to yield an azimth resolution capability which is two to three orders 
of magnitude finer than that provided by the physical width of the 
radiated beam itself. The processor chosen for the 2355 mission is a 
Sctvaent optical device commonly referred to as a "correlator" or | 





"optical processor"; the processor accepts as an input a developed 
transparency upon which video data has been properly stored, and 
generates as an output a second transparency containing the fine- 
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resolution radar imagery. This is depicted in Figure 2.4.2.1. The 
data transparency is that generated by one of the three recorders, 
either that within the radar payload, or one of the recorders at NHS 

or VIS which accept the video output of the Wide Band Data Link. The 
format of this data transparency is described below in Para. 2.l.h. 
Figure 2.4.2.2 is an enlarged print of such a data transparency, and 
has “range't data stored using the cross-track dimension while “azimth" 
data is stored using the along-film dimension. The video data manifests 
itself in the form of a density variation whose parameters are precisely 
controlled as a function of target position and radar crossection. 

The "history" of a single point-target reflecting object is easily 

seen at the location indicated by the arrow; the information eabodied 
dn this target history is utilised in the generation of the fine- 


resolution imagery. 


The theory of optical processing and its application to coherent 
radar data has been discussed extensively in the unclassified and 
Classified literature (Refs. 1-5). Some of the pertinent properties 
of the processor will be summarized in Para. 2.1.3 below, while 

the scale factors of the output product are given in Para. 2.heh. 


2-3 NI ectsin option, Processor (PP) 


In order for all program objectives to be met, a data processor was 
required which was beyond the state-of-the-art at the time of program 
initiation, but which appeared feasible if implemented using coherent 
optical techniques and a sufficient degree of precision. The technical 
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= Correlator Function 


| Figure Zelte2el. 
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features of the required processor were as follows: 


a). 


b) 


c) 


a) 


e) 


f) 


An optical systen incorporating cylindrical as well as 
spherical elements, which would be very nearly diffraction- 
limited over 60 mm apertures in the dimension in which the 
cylinders had optical focusing properties 9 and which would 
introduce only negligible degradation on data stored at 

5O lines per mm in the transverse dimension; 


A source of light sufficiently monochromatic and spatially 
coherent to permit azimmth compression ratios of at least 
1000:1 to be realized; 


A film drive system whose accuracy and stability was 
sufficient to guarantee that degradation of the video data 
by the processor would be negligible; 


A reasonable processing speed, preferably one comparable 
with the data collection rate of a satellite-borne radar 


systems 


Inherent properties which minimise the insertion of additive 
optical noise into the output imagery; and : 


A degree of flexibility sufficient to permit optimum 
processing of coherent video data collected under a wide 
variety of possible orbital flight paths and non-nominal 


operating conditions. 
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It was found that a processor | satisfying the above requirements could 

be instrumented; furthermore, it was expedient to surpass the minimum 
requirements for the 2355 flight in sabia respects, thus providing 

a processor which could be used for later flights of more advanced radars 
capable of finer azimuth and range resolution. 


The resulting processor is depicted by the block diagram of Figure 
2oie3 el. A photograph of the assembled processor is shown in Figure 
2ele3e2e The laser light source includes a Spectra Physics Model 116 
helium-neon laser which provides a suitably coherent and monochromatic 
C.W. optical output at a wavelength of 6328 A°, with an average power 
output of 30 milliwatts. The properly collimated illumination emergent 
from the collimation system is incident upon the data traneparency which 
is immersed in a liquid, contained between optical flats, whose refractive 
index approximates that of the data-film base material. The data film 
is uniformly transported in the "azimuth" direction past the viewing 
aperture. The anamorphic telescope serves to form a fine-resolution 
optical image of the radar reflectivity of the terrain being mapped; 
the dimensions of this image are controlled oy the focal lengths and 
locations of the elements of the telescopes. The optics are selected 
and adjusted to provide an image which moves without distortion in the 
azimuth direction; this image is "tracked" by a recording camera and 
generates a fine-resolution transparency. The "aspect ratio" of the 
output map (4.6., the ratio of azinmmth scale factor to range scale 
factor) is such that two targets separated by the distance A in 
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slant range as well as in asimuth will also appear to be equally separated 
in the range azimuth coordinates on the output transparency. Because 
the system operates at the relatively steep depression angle of 55°, 
targets separated by a distance 4 in slant range e are in fact a greater 
distance apart on the earth's surface, the separation in this case being 
1.64 in ground range. The imagery shown later in this report has this 
property; a 1:1 aspect ratio of slant range to azimath separation has 
been preserved. This choice of aspect ratio is arbitrary, and an 
approximate restitution to a 1:1 ground range-asimth aspect ratio 
can be made by “shrinking” the azimuth scale of the output imagery 
appropriately. This can be accomplished by readjustment of the tele- 


scopes. 


The processor described above meets all the technical requirements 
imposed upon it. The cylindrical and spherical elements of the tele- 
scopes have sufficient quality to permit asimth compression ratios 

of the order of 5000:1 to be realised, with range-dimension recording 
densities of 100 line/mm, assuming compatible video recording. The 
laser light source provides sufficient coherence to permit such 
operation, The film drive units incorporate optical tachonster-feedbeck 
and are referenced to stable oscillators in order to provide jitter- 
free motion over a wide range of film speeds. The high power output of 
the laser together with the tracking capability peraite processing at a 
speed aniveledt to the speed of data collection for a typical satellite. 
The tracking feature also serves to mininizse the effects of optical 
noise, which erioes unavoidably in systens which employ highly coherent - 
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illumination. Flexibility to accomodate varying orbital speed during 

a mission without use of an incorrect aspect ratio is available through 
adjustment of the telescopes. Further flexibility can be obtained 

at the expense of the tracking feature through use of "spatial-plane" 
processing modes; these were not employed and will not be discussed 
further in this report. 


2ehe Data Format - 
2ehehe1 Data Transparency The video data recorded in the satellite 
and in the ground based recorders was recorded on 70 millimeter 





Eastman Kodak film, S. 0. 119. The recorder CRT sweep covered a width 
of approximately 27.5 ni Llineters. The format of the data film is 
shown in Figure 2.4.4.1. This film, after processing at SPPL is the 
input data to the optical correlator, reference Figure 2.lj.2.1 above. 


24.4.2 Format of the Output Radar Imagery The output transparency 


upon which the fine-resolution radar imagery is recorded is a 70 mm 
wide fila, of which a strip 27 mm in width is used for image recording. 
The scale factors and orientations are show in Figure 2.4.4.2. The 
original output transparencies are recorded such that optical density 
increases monotonically with target reflectivity in localized areas; 
because of the AGC feature of the radar, widely separated targets of 
the same radar crossection do not necessarily yield target indications 
of equal density. The original transparencies are magnified by a 
factor of 2.60:1 and recorded in either of two forms: | 
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a) A positive transparency in which bright targets appear as 
spots of high optical transmissivity, or 


b) A positive paper print in which bright targets appear as 
white spots. 
Both products have the following scale factors.* 
1.00 no mi. in azimth 0.184 inches along the film length. 
1.00 n. mi. in slant range, or | | _ 
O-ll1 inches in the cross-fila 
1.69 n. mi. in ground range dimension. 
Neither of these products is of adequate quality to fully preserve the 
. System resolution and dynamic range; the degradations are more severe 


on the paper prints than is the case for the positive transparencies. 


The paper prints, which are used as illustrative material later in this 
report, have a resolution capability of perhaps 6 lines per m; at the 
scale factors corresponding to the 2.6:1 enlargements, this poor 
resolution completely dominates the quality of the imagery. The resulting 
ground-range resolution is of the order of 150 feet while the resulting 
azimuth resolution is of the order of 90 to 100 feet. The degradations 

in the positive transparencies (not presented in this report) are not 

as severe. In either case, imagery to the scale of the 2.6:1 enlargements 
is useful primarily for orientation and descriptive purposes only, and 


* The azimuth scale factors differ by roughly 0.5 per cent for North- 
bound and Southbound passes. The ground-range scale factors vary slightly 
as a result of depression angle variation across the beam and terrain tilt, 
and as a function of true depression angle. 
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not for detailed study of the target complexes. Detailed examinations 
require the use of enlargements of greater magnification, the use of 
the original output transparencies, or in special instances the 
observation of the optical output of the processor prior to recording. 
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